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PREFACE. 


The present book is tho outcome of circumstances, 
which it is desirable to explain : — 

Although Forestry has been practised for centuries 
in Groat Britain and Ireland, tin's particular branch 
of industry did not receive much attention in the 
United Kingdom until questions connected with the 
administration of the forests in India brought it into 
more prominent notice. In the latter country tho 
condition of tho forests began to be discussed in the 
early part of the present century, the first step having, 
apparently, been the establishment of n timber agency 
on tho west coast of the Peninsula. Nothing more, 
worth mentioning seems to have oeonriod until the 
year 1843, when Mr. Conolly, Collector of Malabar, 
commenced planting teak on a large scale at Nilambur, 
In 1847 Dr, Gibson was appointed Conservator of 
Forests in BoiijdiiyP'Ru^lVlS, as the result of action 
taken by Captain Frederick Conyers Cotton, the 
Government approved of tho appointment of BieU- 
tonant James Michael as Forest Olfirer in tho 
Anamulais. Dr. Oleghom’s name is mentioned as 
curly as 1847 in a report on the conservation 
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forests in Mysore, and he was ultimately appointed 
Conservator of Forests in Madras in 1856. 

The first attempts at forest consorvancy in Burma 
commenced soon after Tenassorim had become British 
territory in 1826, but nothing lasting or substantial 
was done until Lord Dalhousie took up the matter 
and, in January 185G, appointed Dr. D. Brandis (now 
Sir Dietrich Brandis, K.C.I.E.), Superintendent of 
Forests in Pegu. After six years of exceedingly hard 
work in Burma, Dr. Brandis was, in 18G2, placed on 
special duty with the Government of India, and in 
18G4 he was appointed to the newly created post of 
Inspector-General of Forests to the Government of 
India. He remained in this position until 188], 
when he proceeded on special duty to Madras: he 
then went to England, and retired finally from the 
service in 1883. 

Those who preceded Sir D. Brandis prepared the 
way for the subsequent measures of forest consorvancy, 
but it is tho merit of that officer to have introduced 
, Into India systematic forest management as it is now 
understood in that country. When Sir D. Brandis 
first started operations, he had great difficulty in 
finding properly qualified assistants. He succeeded 
in securing the services of a limited number of good 
officers who wero mostly. military men, but he had, 
|t th^p outset, also to employ many men .who were 
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wanting in. education. Accordingly, when he pro- 
ceeded on furlough to Europe in 1865, he made it his 
business to secure a regular supply of trained forest 
officers. Under the arrangements made by him in 
1866, a number of selected young Englishmen were 
sent annually for a term of two years and eight 
months to the Continent to study Forestry, half of 
them going to France, and the rest to Germany. 
Those of the students, who passed the prescribed 
examination at the close of their studies, were 
appointed to the Indian Forest Department as Assist- 
ant Conservators. The arrangements worked well at 
first, but gradually difficulties arose, in consequence 
of which the students were -withdrawn from Ger- 
many in 1876, the whole number being concentrated 
at Nancy under the control of a special English 
officer. 

About the year 1881 complaints Avere received as to 
the progress of the students at Nancy, and this led to 
the proposal for establishing a forest school in England, 
where the candidate? for the Indian Forest Service 
might be trained. Colonel Pearson was foremost 
amongst those who supported this scheme. After 
a lengthy discussion Her Majesty’s * Secretary of 
State for India decided to start such a .school in 
connection with the’ Royal Indian Engineering 
' College -at Coopers Hill, and I .was 'deputed^ ixft.-1 88j&‘£ 1 
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to organize the new branch of that establishment. 
My instructions went, however, further : they in- 
cluded the drawing up of Handbooks on Forestry. 
After upwards of twenty years’ administrative work 
I found myself suddenly called upon to instruct 
in Forestry and to write Handbooks on tllo subject 
— a task which, I need hardly say, was beset bj* great 
difficulties. Although I had to some extent kept tip 
with the progress of science while in India, 1 had 
now to comnicnco earnest study in various ^directions. 
During the -vacations I visited numerous forests in 
Englaud, Scotland, Ireland, Germany, Austria, 
France, and Switzerland. Thus several years passed 
before I could venture to begin writing the 
desired books. That task I have now commenced, 
and, if 1 am spared, I hope by degrees to deal with 
Sylviculture, the Preparation of Forest Working 
Plans, Forest Protection, Foiest Utilization, and 
Forest Financo. On all these matters I have col- 
lected notes, but the business of preparing them for 
the press will bo the work of years. 

In order to make at once available those parts 
which are ready, I have decided to bring out the work 
in a series of small volumes. Although the ultimate 
arrangement of the Manual may undergo some 
changes as the work proceeds, jny present intention 
•„ is to' divide it into the following parts : 
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Part I. — The Utility - or Forests. 

.. II. — Fundamental Principles or Sylviculture. 

III. — Cue \tiox, Regeneration ani> Tending ok Wood* 

., IV. — Forest Protection. 

.. V. — Forest Utilization. 

,. TI.— Forest "Working Plans. 

„ VII. — Forest Finance. 

Purls I. and II. arc contained in this volume. 
Part Til. will, I hope, appear early in 1890. Each 
volume can he purchased separately. 

The information given above shows that T may 
fairly claim the indulgence of the reader. I do not 
pretend to have introduced into the work any .special 
originality, but T have tried to arrange the matter 
as conveniently at. possible, and to express myself as 
eoucisoly as is compatible with cleai’iiess and com- 
pleteness. The render must judge for liimsolf in how 
far I have succeeded in my task. 

In conclusion, I desire to express my best thanks 
to my old Indian friends, Messrs. J. O. McDonoll 
and W. K. Fisher, for their assistance in passing this 
volume through the press. 

W . SCHLICir. 

UOOPKIM jltl.L, 

12 fh March, 18BS>. 
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INTRODUCTION. 

The greater part of tlio dry land of the earlli was, at 
onetime or another, covored with forost, which consisted 
of a variety of trees and slirubs grouped according to 
the climate and soil of the several countries. Wlion tho 
old trees reached their limit of life they disappeared, and 
others took their placo. The conditions for an uninter- 
rupted regeneration of the forests were favourable, and 
tho result was vigorous production by tho creativo power 
of the soil and climate. Then came man and interfered, 
not at once, but by slow degrees, until in tho more 
civilized countries of the earth the area under forest 
was considerably reduced. But more than this: the 
creative power of tho soil in tiro remaining forest 
lands had, through injudicious and careless treatment, 
become more or less impaired. Stops had then to be 
taken to an-est a further reduction of area,, in 
many cases tho forest had to be re-planted and .the 
original' creative power re-established; thus a task 
. presented itself which Forestry had to undertake. 
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What is now understood by that term did not spring 
into existence all at once, but was built up gradually, 
ns necessity in various directions arose. 

As long as forests occupied considerable areas, their 
produce was considered the free gift of nature, like air 
and water ; man took it, used it, and even destroyed it, 
without let or hindrance. Hence Forest Utilisation is 
the oldest branch of Forestry. 

"With the gradual increase of population, more land 
was required for the production of' field crops, and this 
was taken from the forest area; reckless cutting and 
burning consumed more forest, until a time came, when 
it appeared doubtful, whether the natural woodlands 
could continue to yield the required produce for any'' 
length of time, if treated in the manner so far customary. 
This caused proprietary ideas to bo developed; people 
claimed the ownership of certain forest lands, proceeded 
to protect them against outsiders, and thus the first signs 
appeared of that branch of Forestry which is called 
“ Forest Protection The protection, originally designed 
against man only, extended gradually to measures which 
had for their object the preservation of forests from in- 
jurious attacks ky animals csp. insects, noxious plants in 
particular fungi, natural phenomena and other calamities. 

By degrees it was found that mere protection was not 
sufficient, and that steps must be taken to enforce a 
more judicious treatment, and to limit the cuttings to 
what the forest was capable of producing ; in other words, 
to determine the annual, or perio'dical, production, and to 
regulate the yield accordingly. Thus that branch which is 
called “ Preparation' of Forest Worlting Plans ” sprang 
into existence. 
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Something moro was, however, required. "With in- 
creasing demand, it became evident that the ordinary 
natural regeneration could not beep ’pace with the rate at 
which the mature trees were removed. It became necessary 
to assist regeneration by artificial means, either by arrang- 
ing the cuttings so as to favour and assist natural regene- 
ration, or by artificial sowing and planting. Moreover, 
the yonng trees required special tending, in order to 
produce the most useful description of timber. In this 
way a fourth branch of Forestry was developed, which 
is called tl Sylviculture 

As time went by, forests rose in value ; they became 
articles of excliange or sale, and it was found necessary 
to devise a system for readily ascertaining their value. 
This produced another branoli, which is called “ Forest 
Valuation ” or li Forest Finance 

Originally, the protection which, tho owner of a forest 
could give to it was sufficient to guard it against mischief 
and interference. Subsequently Ibis proved no longer 
sufficient, and tho owner appealed to tho State for help. 
.1 1 was also found that certain forest lands were of special 
importance to the community as a whole, either on 
account of their produce, or for climatic reasons, or on 
account of the protection which they yielded to adjoining 
lands. For all these objects the State had to pass 
certain laws, which nro known under the denomination 
of Forest Lam and Forest Regulations. 

‘With tho development of Political Economy, tho 
forest question naturally was drawn within its prb* 
vinee. * It was asked, whether and in how far forests 
need he maintained in a country, whether the State a< 
stick should hold the forest lands, or whether the in am- 
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tenancc of forests might be left to private enterprise, 
and thus a further branch, called Forest Policy was created. 

The task then, with which Forestry has to deal, is one 
of considerable extent ; it may bo shortly defined as ' 
follows : — 

“ To ascertain the principles according to which forests 
“ shall be managed (Forest Science), and to apply these 
“ principles to the treatment of forests (Practical 
“ Forestry).” 

The measures at first adopted in Forestry have, with 
the advance of other branches of learning, been con- 
siderably elaborated. By degrees the teachings of 
general science havo been brought to bear 1 upon the 
subject, so that at tho present day a fully competent 
Forest Expert must be acquainted with many branches 
of what may be called, from this point of view, Auxiliary 
Scieuces. Amongst these may be mentioned 

Pure and Applied Mathematics. 

Sun-eying. 

Elements of General Law. 

Political Economy. 

Physics, including Climatology. 

Chemistry, Inorganic and Organic, including a 
knowledge of Soils. 

Mineralogy and Geology. 

Zoology, esp. Entomology. 

Botany. 

Of these, Botany is the most important branch, and its 
study should extend over "Vegetable Biology, Organo- 
graphy, Anatomy, Systematic Botany, Physiology, and 
Pathology, 

The present object is to placo before the reader an 
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account of the more important branches of Forestry. 
Beforo proceeding with that task, it is necessary to ex- 
plain a few terms which are used in the following 
pages. 

The term “Forest” has been used above. It is 
by no means easy to give a concise definition of what is 
understood under forest. In fact, various authors have 
given widely differing definitions, and of these the fol- 
lowing may bo here mentioned : — 

First definition . — “A forest is an area which contains 
u wild growing 1x008.” 

At llio same time many areas which are now considered 
forests, were artificially created, and sowing and planting 
may be going on in them at the present da}'. 

Second definition . — “ A forest is an area winch has 
“been set aside principally for the production of 
11 wood (timber and fire-wood), and which, for the 
“ greater part at any rate, is covered with trees.” 

In connection with this definition it may be noted 
that many areas arc practically classed as forests, whioh 
do not contain trees, while others, like avenues, bear 
trees and produce wood, although they cannot bo classed 
as forests. 

Third definition . — t{ A forest is a piece of land which 
“ is subjeot to special forest laws and regulations.” 

This definition will hold good in many cases, but not 
in all. The Indian Legislature, when preparing a 
Forest Law, found it so difficult to construct a correot 
'definition of forest, that it had to drop the subject, 
providing merely “ that the Government may ’declare 
u certain lands to bo forests.” 
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Fourth definition. — In England a forest is frequently 
understood to bo an area "which is stocked "with 
deer. 

These illustrations will suffico to show, how difficult 
it is to draw up a general definition which Butts all eases. 
In a general way forest may be described ns “ an area, 
“ which is for the most part set n«udo for tlio production 
“ of timber and other forest produce, or which is expected 
“ to exercise certain climatic effects or to protect the 
“ locality against injurious influences; such amis arofre- 
“ quently subject to special forest laws and regulations.” 

Matters become easier when turning to the tem 
Wood : — 

“Under a Wood, or Woodland (Plantation) is under- 
“ stood an area of defined dimensions, which is stocked 
“ with trees or slmihs, and managed for the production 
“ of timber, fire-wood, and such other produce which 
“ ordinarily accompanies tlio rearing of trees/’ 

Ever)- “wood” is therefore a “forest,” but not 
every forest is a wood. 

Tbe difference between a tree and a shrub is not 
always easy to define. For sylvicultural requirements 
the following definitions will suffice : — 

Tree means a woody plant, which, from natural 
tendency, divides into two or more main branches at 
some distance from the ground. 

Shrub means a woody plant, which, from natural 
tendency, divides into two or more main branches at or 
-near the ground. 

A tree may usefully bo divided into three parts, the 
stool, the hole, and tlio crown : — , ** 
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Stool means tTial part which remains in tlie ground 
after a tree Las been felled close to the ground; it 
comprises tLe whole of tbe root system and the lower 
end of the stem up to the poiut where it emerges from 
the ground or a short distance (generally a few inches) 
above the surface. 

Bole means the stem, or trunk, of the tree from the 
ground to the point where it divides into a series of 
main branches. That part (the lower) of the bole, 
which is free of any branches, is called the Clear Bole . 
In many cases bole and olear bole are identical. 

Croton means the whole system of branches. In some 
cases, where side branches have been developed below 
the upper end of the bole, the crown and bole ovorlap 
each other. 

A tree or shrub may start as a seedling, stoolshoot, 
sucker, or layer : — 

Seedling means a tree or shrub which has sprung up 
from seed. 

Stoolshoot means a shoot which has sprung up from 
the stool of a tree or shrub previously out down. 

Sucker , or Kootsuclser, means a shoot which has 
sprung up from a root. 

Layer means an undclaolied branch, which has been 
bent down, partly buried in tho soil, and which has 
developed roots of its own ; it may subsequently bo 
severed from the mother tree and develop into an 
independent treo. 

With regal’d to the ago of trees and woods, • thfc 
following stages may bo distinguished, when the trees 
hdvo emerged from that.of seedlings : — < ' 
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Thicket means a dense crop of young trees from the 
time when the branches commence interlacing until 
the time when the lower ones begin to die and fall ; a 
thicket is composed of Saplings. 

Pole forest means a crop of trees from the time when 
the lower branches commence falling (the bole thus 
clearing itself), until towards the end of the principal 
height growth ; it consists of Poles. 

Tree forest means a crop of trees of which the principal 
height growth has ceased ; it consists of Trees, or Formed 
Trees. Towards the end of this stage it is called a Mature 
Forest or Wood. 

A further distinction must bo made, in respect of 
the persistency of the leaves, between evergreen and 
deciduous trees : — 

Evergreen Tree means a tree, the leaves of which 
persist for not less than one year, so that it is novel* 
without leaves. 

Deciduous Tree means a tree which is leafless for some 
time during each year. 

"Woods may be classified as follows : — 

Pure Wood (or Forest) means a wood which consists 
of one species only. 

Mixed Wood (or Forest) means a wood which consists 
of two or more species intermixed ; the mixture can be 
arranged according to single trees or according to groups. 

Again : — 

Crowded Wood, or dense wood, means a wood which is 
completely stocked, so that the orowns of tho trees inter- 
lace and form an uninterrupted leaf canopy, which 
thoroughly shelters the ground;* -*■ 
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Thin Wood \ or open wood, means a wood in winch 
the crowns of the trees do not interlace, but form an 
interrupted leaf canopy, which only partitillj 1 ' shelters 
the ground, A thin wood may be regularly or irregu- 
larly stocked. 

For the sake of convenience the produce, which a 
forest yields, is divided into principal or major, and into 
minor produce : — 

Principal or Major Produce menus timber and firewood. 

Minor Produce means all forest produce except timber 
and firewood. 

Increment means the material produced on a tree, or a 
given area, in a certain time ; annual increment means the 
material produced in ono year. 

Growing Stock means tho material actually standing 
on a given urea at a certain limo ; it consists of an 
accumulation of annual increments from the creation of 
the wood up to a given time. 

Potation means the time which elapses between tbe 
creation of a crop of frees and its final removal. 

Final Yield means the material obtained by tbe 
removal of the final crop, whether tlio removal is* effected 
by one or by several successive cuttings. 

Intermediate Yield means tho material obtained by 
intermediate cuttings, or thinnings. 

, The throe principal sylvicultural systems, or methods 
‘of treatment, arc represented by high forest, coppice forest, 
and coppice with standards : — 

Seedling or High Forcbt — The trees have sprung .up 
from .seed; they are permitted to grAw up until they 
have reached tho desired size, when they are out over, 

T 
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and a new crop is started consisting again of seedlings ; 
or din arily the cutting over does not take place until after 
the end of the pole stage. 

Coppice Forest , or Copse . — Tho trees consist of siool 
shoots or root suckers, which are cut over periodically, 
either close to the ground or at some distance from it, 
every succeeding crop being created in the same way. 

Coppice with Standards , or Stored Coppice . — A com- 
bination of the above two systems : tho forest consists 
of an overwood and an underwood ; the latter is a coppice 
which is periodically cut over, the stools providing each 
time a fresh crop ; the overwood consists of seedling 
trees, and occasionally of vigorous stool shoots, which 
are allowed to reach at least twice the age of tho under- 
wood, and are called the Standards or Stores, 

Quality of Locality means tho yield capacity of a 
pieco of land according to the nature of the soil and the 
climate to which it is subject. 

These definitions will suffice for the present; all 
further terms will be explained as occasion requires. 



PART I, 


THE UTILITY OF FORESTS. 




THE UTILITY OP POEESTS. 


Porests are, in tlie economy of man and of nature, of 
direct and indirect value ; the former chiefly through 
their produce, and the latter through the influ ence 
/ which they exercise upon climate, the regulation of 
moisture, the stability of the soil, the healthiness of a 
country and allied subjects. The effects of forests may 
be looked at from the point of view of the owner, or from 
that of the State. The owner considers, in the first 
place, the benefits which he personally derives from his 
forests; the State appreciates the effects which they 
have upon the country and the nation as a whole ; 
hence, in the majority of cases, the owner is concerned 
chiefly with the direct effects, and the State with the 
indirect effects, or with both. 

Each class of effects must be considered separately. 

Section I. — Direct Utility op Porests. 

The important direct effects of forests arc due to tho 
produce which they yield, the capital which they repre- 
sent, and the work which they provide. The subject 
may be therefore divided in the following manner : — 

\ , \ 1. Principal Produce^ or Wood. 

t * 

Wood is used as timber in construction,' ship-building, 
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machinery, industries, agriculture, for tools, fumiturfe, 
etc., and as fuel for domestic and industrial firing. The 
quantity of wood required in a country depends on 
various considerations, which will ho dealt with further 
on. In modem times iron and other materials have 
to a considerable extent replaced timber, while coal, 
lignite, and peat compete with firewood ; nevertheless, 
wood is still indispensable and likely to remain so. 
The more general introduction of substitutes for fire- 
wood has, however, drawn increased attention to 
the production of timber in preference to firewood. 
Tor instance, of the total produce of the Saxon State 
forests, only 35 per cent, were classified as timber in 
3850, but the proportion hod risen to 75 per cent, in 
1880. Similarly, in Bavaria it rose from 16 per cent, in 
1850 to 33 per cent, in 1880. 4 * At the same time new 
demands for the consumption of wood have sprung up, 
such as the preparation of wood-pulp for the manufac- 
ture of paper. It is estimated that the annual con- 
sumption of wood in this industry amounts in Germany 
alone to upwards of 40,000,000 cubic feet. Similarly 
aspen firewood is now cut up for matches ; beech, for- 
merly the staple firewood, is used for furniture, floors, 
packing cases, pavements, etc. 

A part of the firewood is converted into charcoal or 
into ashes. Considerable quantities of the former are 
still used in domestic firing, iron smelting, where a raw 
material of special excellence is required, in the manu- 
facture of gunpowder, and for a variety of other pur- 
poses. Ashes aro used for the manufacture of Potash or 
ns manure. ’ 

* ** R/Vtaber in lioroy’e "Handbuch dcr Forstnissenscbiift, 1888.” 
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2. Minor Forest Produce. 

As all .produce, -which is not timber or firewood, is 
included under minor forest produce, it will easily he 
understood, that the term comprises a great variety of 
articles, amongst which may he mentioned : harlc, especi- 
ally for tanning, turpentine, resin, eaoutchouo, gutla 
percha, catechu and numerous other dye-stuffs, leaves, 
flowers, fruits, seeds, fibres, grass, moss, peal, bamboos, 
canes, shellac, honey, wax and many others. Several of 
these materials play an important part in small farming, 
especially in poor countries, while others furnish the raw 
material for extensive industries. In order to illustrate 
the latter point, it may be mentioned that Great Britain 
and Ireland import such articles of an estimated value 
of £8,000,000 a year. 

3. Forests as Objects of Industry. 

Forests occupy a certain portion of the earth’s sur- 
face; hence forestry forms part of agriculture in its 
widest sonse. They are important objects of industry, 
representing a large amount of capital and they require 
labour in various ways, though at a rate different from 
those of other branches of agriculture. 

f- 

a. The Capital of Forestry. 

- The capital employed in Forestry consists principally of 
the soil and the growing stopk of wood. ‘WJien the working 
is of an intermittent nature, the amount of capital fluc- 
.. luates from time to time; when the working is so arranged 
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that an equal annual return is secured, the capital re- 
mains of the same amount and consists of tlxe soil plus 
the permanently present growing stock. 

The soil is called tho fixed, and the growing stock the 
movable or shifting capital of Forestry. The “propor- 
tion of the one to tho other depends chiefly on the 
method of treatment. In forests treated as coppice woods, 
the fixed may bo greater than the movable capital, but 
in high forests, where tho object is to produce timber of 
some size, the shifting capital is generally of considerably 
greator value than the soil. An example will illustrato 
this : — Assuming that an area of 100 acres is treated as a 
Scotoh Pino timber forest, under a rotation of 100 years, 
with the object of obtaining an annuallj* equnl return ; 
in that case one acre must be stocked with 1 year old 
seedlings, another with 2 years’ old seedlings, another 
until 3 years’ old young trees, and so on to the last acre, 
which would be stocked with trees 100 years old. 
Every year the oldest wood, 100 years old, is cut over 
and the area at once re-stocked. Immediately after the 
cutting 99 acres remain stocked with trees ranging in 
ago from 1 year to 99 years old, and this is called the 
normal growing stocJ:. • "Without the presence in the 
forest of this series of ago gradations, it would be im- 
possible to obtain a regular annual yield of trees 100 
years old. 

Tbc subjoined table gives the capital invested in a 

forest worked upon the principle of a sustained annual 

yield. The data for the growing stock are taken from 

the Yield Tables* for the Scotch Pine, by "W. Weiso, 

* * ». 

* 

* W, H. Allen & Co , Wntorloo Place, Tall JInll, London, 18SS, prico li. 
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converted into English measures and arranged by the 
author. In calculating the value of the growing stock 
it has been assumed that, faggots would not yield any 
money return and the timber, including all pieces of 
3 inches diameter and upwards at the thin end, would 
realizo 2 pence per cubic foot under a rotation of 30 
years, gradually rising to 5 pence per cubic foot under 
a rotation of 120 years. Soil adapted for the growth 
of Scotch Pine is generally light, and the value of such 
land of the I. or best quality cannot, on an average, be 
estimated at more than £25 per acre, while land of the 
III. or middling quality, may be estimated at £12 an 
acre, and land of the Y. or lowest quality at £4, 
though land of the latter quality is frequently not worth 
more than a few shillings per acre : 



C*riTAT iMtiTID IK X'oriKIKV— roi NDS SlTl'IIMl rrn Acl.1 

Length of 

I. 

Quality, best. 

lit. Quality , middling. 


In Tears. 










Laud 

Orotund 

Stock. 

Total 

Land 

Growing 

Stock. 

Total 

Lauil. 

Cron ing 
Slock 

Total 


30 

25 

8 

33 

12 

2 

li 

m 

1 

5 

10 

25 

17 

42 

12 

7 

19 

mm 

3 

7 

SO 

25 

26 

51 

12 

12 

21 

■a 

5 


60 

25 

33 

CO 

12 

17 

29 

mm 

8 

12 

70 

25 

4 a 

70 

12 1 

oo 

31 

4 

11 

15 

80 

25 

50 

SI 

12 

2S 

10 

4 

15 

19 

00 

25 

G8 

93 

12 

35 

47 

4 

20 

24 

100 

25 

80 

105 

12 

42 

54 




110 

23 

93 

318 

13 

B0 

62 




120 

25 

106 

131 

12 

58 






This table shows : — 

» 

(1.) That the capital increases with the length of 
tho rotation. 

i 

* Ko {lata are available 'for rotations of more than 90 years, m tho case of 
the y. quality. 
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(2.) That tho value of the growing stock is at first 
smaller than the value of the laud, equal to 
it under a rotation of from 40 to 50 years, 
and greater after that period. Under a 
rotation of 90 years, for instanco, tho pro- 
portion is as follows : — 


For tho I. quality 


» 


III. 

V. 


3 ! 

9 ) 


□roving Stock. 


2-7 

2*9 

5 


Iumd. 

1. 

1 . 

1 . 


(3.) That the capital invested in timber forests is 
considerably greater than that of tho land 
only. 


Tho next table exhibits tho yield which may he ex- 
pected from Scotch Pino forests growing on lands of tho 
I., HI., and V. quality. Tho data have been taken from 
the above-mentioned Yield Tables, and are based on the 
same prices ns before. The yield represents the average 
return from final clearings and all thinnings, calculated 
for one acre per annum : — 


Length of 
Rotation. 

In Team 

Total, Yield (Fival a>sd IvmuirDjAtr CrrriNCfi) or Scotch Pine 
Woods, ton Acnr am> Ylail 

1. (Jollity. 

JIL Quality. 

V Quality. 

tn c able 
f«L 

In sWiUnpi 

In eul 5c 
Xet-L 

In flltillittgs 

In t iVe 
fee t. 

In «)iilIiogs. 

30 

87 

16 

29 

6 

12 

o 

40 

120 

23 

68 

11 

21 

5 

60 

132 

28 


14 

32 

7 

60 

137 

31 

74 

17 

36 

s 

70 

137 

31 

76 

19 

3S 

9 

80 

135 

37 

76 

21 

38 

10 

00 

132 

40 • 

76 

no 

36 

11 

100 

129 

43 

73 

24 



no 

let 

46 


26 



120 

118 

« 49 

« 

•» • 

67 - 

23^ 

*" * 
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By comparing now the returns with tho capital, tho 
rate of interest at which tho latter is invested has "been 
obtained and recorded in the following table, allowing 
2 shillings all round per acre and year for current 
expenses : — 


Irfitatli of Rotation, 

In Years, 

Rati, oi Jktehest ot the Invested Capital, in mr ctst. 

1. Quality. 

III. Quality. 

V. Quality. 

30 

2 

1*07 

0 

40 

2*50 

2*37 

2*14 

50 

2*56 

2*50 

2 78 

60 

* 2*42 

2 59 

2*50 

70 

2*29 

2 50 

2*33 

80 

2*10 

2*37 

2*11 

eo 

2 04 

2 13 

1*87 

100 

1*96 

2*04 


no 

1 *S6 

1*04 


iso 

1*80 

1*80 



This table shows, — 

(1.) That the rate of interest obtained from the in- 
vested capital culminates under a rotation of fifty to 
sixty years according to the quality of the locality. 

(2.) The higher tho rotation beyond the culminating 
point, the lower tho rate of interest 

(3.) Only in one case does tho rato of interest exceed 
that obtainable from British Consols, namely on land 
of the Y. quality, and then tho excess is vory .slight ; 
for the I. and ITX. qualities tho maximum interest is 
about per cent. 

The data upon which theso calculations have been 
based arc not absolutely correct, but they are as near 
tho actual facts as can he ascertained. t The voluo of the 
.faggots, it will be remembered,. has been omitted, be- 
cause in many .p^ts of England they ?re almost un- 
saleable, and at the outside they bring little over and 











20 


A MANUAL OP FORESTRY. 


above the cost of cutting and preparing them. On 
the whole then, on financial grounds only, the conclu- 
sion seems justified that all land which can be lot for 
the raising of field crops, for shooting or other pur- 
poses, at a rental equal to, or upwards of, 2,1 per cent, 
of the capital value of the land, had better be so let. 
On the other hand, land which would realize a rental of 
less than 2\ per cent, of its value, may with advantage 
be planted with Scotch Pine, or other similarly remune- 
rative trees. Land of the latter class may bo designated 
as absolute forest land. 

Apart from the purely financial aspect, there are 
other considerations which influence the investment, or 
otherwise, of capital in forestry. Of these the following 
may be mentioned : — 

(1.) As a rule, forests do not require to be artificially 
manured, because trees take from the soil much smaller 
quantities of mineral substances than field crops. 
According to Ebermayer " an average forest crop, wood 
and leaves, requires annually about 54 per cent, of the 
mineral substances necessary for an average field crop. 
Of that quantity 46 per cent, are stored in the leaves, and 
8 per cent, in the wood. It follows that, if the leaves are 
left in the forest, a crop of trees takes from the soil only 
one-twelfth the quantity of mineral substances winch a 
field crop takes in each year; in other words, almost 
any soil ’ can produce timber trees without being 
artificially manured, especially as the annual fall of 
leaves and mosses growing in the shade of the frees 
produce a thick layer of mould, or humus, which secures 

* “PUysiologischc Cbemie ficr rflunicn,” first volume, Berlin, Julius 
Springer, 1882. 
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excellent physical conditions in the soil, rendering 
artificial working unnecessary. As a natural conse- 
quence, tho better classes of soil are generally allotted 
to the production of field crops, and the inferior soils to 
forests. 

(2.) The weather, natural phenomena, animals, and 
men, are sources of danger to tho produce of the land. 
In the case of field crops only tho produce of one or two 
years at a time is exposed to such dangers, but in 
forestry the whole of the growing stock, or an accumu- 
lation of many years’ produce, is constantly liable to be 
aftcctod ; on the other hand, a forest crop is, as a rule, 
less susceptible to damage than the more tender field 
crops. The greatest dangers which threaten the growing 
stock are those from fire, insects, and storms. A fire 
may destroy the whole of tho growing stock, especially 
in coniferous forests; insects do often considerable 
damage by lolling or injuring the trees, while storms 
may uproot at one time such large numbers of trees that 
tho material becomes almost unsaleable, apart from tho 
fact that young woods may be seriously injured, and 
the systematic management deranged for a considerable 
period. 

(3.) Mistakes made in the cultivation of field crops 
can generally be rectified after the lapse of one year-, 
while in forestry often long periods pass, before this 
is practicable. If, for instance, the forester selects a 
wrong species for planting, he will probably not find out 
his mistake until many years afterwards, as most indi- 
genous species do almost equally well on ordinary soil 
for a series of years ; those nnsuitod to a certain locality 
will in most cases only commence to fall' off in growth 



A MANUAL OF FOEESTJIY. 


22 

some twenty or thirty years after planting. It follows that 
greater carq and skill is required in forestry than in the 
cultivation of field crops so as to avoid initial mistakes. 

(4.) Forest produce is a bulky article which does not 
bear transport, especially overland, to the same oxtent 
as the better classes of field crops. Hence the produce 
of forests must be consumed within a limited radius of 
the spot whero it has been produced, unless water 
carriage is available. 

(5.) The danger of trenching on capital is much 
greater in forestry than in other branches of agriculture. 
A farmer may to some extent reduce the value of his 
land by over cropping and under manuring, but this 
can easily be detected and rectified. In forestry tho 
more valuable part of the capital consists of the 
growing stock, that is to say, material of the same 
class as that of which the legitimate annual return con- 
sists; lienco an unscrupulous or ignorant forester can 
easily consume the capital, or at any rate a good portion 
of it, in the shnpo of annual income, without being 
detected or oven becoming himself aware of tbe fact. 
In this respect, again, forestry requires greater skill 
and care tban other branches of agriculture. 

(6.) Forests, more than other lands, are burdened 
with rights [or servitudes] and privileges belonging to 
third persons. Tho right of property is either complete 
or limited. In the former case the owner can do with 
the property -what he pleases, subject to tbe general 
laws of the country ; in tho latter caso his power over 
the property is limited by rights of third persons. 
Such rights may bo that, the third person can take 

, produce froik the forest, or use it in certain other 

* 4 
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Troys ; as, for instance, for grazing cattlo, or for sport. 
A forest right, or servitude, may bo attached to a 
person, or to a piece of property such as a houso, a 
piece of land, etc. In tho former caso it becomes 
generally extinct until the death of the person ; in the 
latter it goes lvith the property from ouo legal owner 
to another. As a general rule, servitudes interfere much 
unlh the management and usefulness of the property. 
Though in many cases unavoidable, they are injurious 
when looked at from the view of political economy; 
in most countries they are peculiar to forest property. 

(7.) Finally, money cannot ho borrowed on forest 
property to its full value. Generally only tho land 
offers absolute security, while tho growing stock is not 
only exposed to special dangers, hut can also ho 
considerably reduced by an ignorant or unscrupulous 
manager without much risk of discovery. For the same 
reason forests arc not fit objects for lotting. 

b. Labour required in Forestry. 

Forests require labour in a great variety of ways, 
which may be brought under the following three 
headings : — 

(1.) General administration, creation, tending, har- 
vesting, etc., or work done in tho forests. 

(2.) Transport of produce. 

(3.) Industries which depend on forests for their 
prime material. 

(1.) General Aibninhlraifon . — The quantity of labour 
required in .the forests differs considerably according to 
circumstances, tho value of the produce, ffod’fhc eouse- 
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qucnt degree of minuteness of the system of management. 
Great difficulty is experienced in obtaining accurate 
statistics on this point, but fivo days’ work annually for 
every acre of land under forest may bo accepted as an 
approximate estimate all round. Prom tlic available 
data it lias been calculated that in the forests of Germany 
about .£8,000,000 arc paid annually’ for administration, 
cieation, preservation, road making, cutting of wood and 
collection of minor forest produce, on which about 200,000 
families exist, or about 1,000,000 people. This estimate 
refers to forests which are already in existence, and in 
which fencing is done only in very rare instances. 
"When now forests are created, additional Inborn' is 
required at the outset. [Nevertheless it is beyond 
doubt, that forests require considerably less labour than 
laud under field crops. 

(2.) Transport of Produce . — Owing to the bulky 
nature of forest produce its transport forms a business 
of considerable magnitude. Timber and firewood are 
carried by r water, whenever practicable, but also exten- 
sively’ overland. Under this head a sum of at least 
£4,000,000 is paid annually in Germany. 

(8.) Forest Industries . — The labour which is required 
to work up fhe raw material yielded by’ forests is of 
a much greater extent than that cmjdoyed in managing 
the forests and in transport. There are the workmen 
employed in saw mills, building, ship-building, 
carpentry’, coach building, engineering, turning, 
caning, paper pulp manufacture, match malting, the 
manufacture of cases and boxes, round and square, 
from the hugest packing case to the smallest toy box, 
frames of sieves, drum and cask hoops, wooden wire 
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for table covers, blinds, pencils, -wooden nail**, instru- 
ments, tools, plates, shovels, spoons, shoes, last. 1 ?, saddle- 
trees, brushes, harrows, gun-stocks, toys of thousands of 
patterns, and endless oilier branches of industry, some 
of ‘which can only exist in and around extensive forests. 
The wages earned under this head amount in Germany 
to ' something like £30,000,000 a year, maintaining 
about 600,000 families, or 3,000,000 people. 

Taking now the three heads of labour together, it has 
been estimated that sometliing like 12 per cent, of the 
population of Germany is employed in forest work, 
transport of forest produce, and the working up of the 
raw material yielded by tlic forests. 

An important feature of tiro work connected with 
forests and their produce is, that a great part of it can 
be made to fit in with the requirements of ngriculluro ; 
that is to say, it can be done when field crops do not 
require attention. Hence forest work oilers an excellent 
opportunity to the rural labourer or small farmer of 
earning some money when he has nothing else to do, 
and when he would probably sit idle, if no forest work 
wore obtainable. 

Section U. — Indirect Utility or Forests. 

A piece of land which is bare of vegetation, is, 
throughout the year, exposed to the full effects of the' 
sun and air currents, and tho climatic conditions which 
"are produced by thoso agoncics. If, on the other hand, 
a piece of laud is covered with a growth of plants, and 
especially with a dense crop of forest vegetation, it 
enjoys the benefit of certain agencies, which modify tho 
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effect of snn and wind on the soil and the adjoining 
layers of air. These modifying agencies may he shortly 
enumerated as follows : — 

(1.) The crowns of a full crop of trees provide a more 
or less dense roof at a certain distance from the ground, 
which intercepts the rays of the snn, and the falling 
rain, obstructs the movement of air currents, and 
reduces radiation of heat during the night. 

(2.) The leaves, flowers, and fruits, augmented by 
certain plants which grow only in the shade of trees, 
form a layer of mould, or humus, which protects the 
soil against changes of temperature, and greatly in- 
fluences the movement of water and air in the soil. 

(3.) The roots of the trees penetrate into the soil in 
all directions and bind it together. 

The effects of these agencies have been observed and 
recorded from ancient times down to the present, and 
hundreds of pages could bo filled with the record of 
instances in which forest vegetation has affected, or 
has been believed to have affected, the climate, the 
rainfall, the regulation of moisture, the stability of tlm 
soil, the healthiness of countries and allied matters; 
if quantity of evidence alone were wanted, the case 
might be considered as “proven.” In all such cases, 
however, two or more agencies were at work at the 
same time, and the observations were not always suffi- 
ciently accurate and direct to decide in how far the 
produced effect was duo to the one or the other cause. 
The consequence naturally was exaggerated confidence 
and belief on the part of some, and doubt and unbelief 
on the part 'of others. This led in more modem times 
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to the commencement of accurate observations, first by 
Becquerel in Franco, and then by JTordlinger and 
Exutzsch in Germany, who recorded the effects of forests 
upon temperature and rainfall at stations situated in, or 
in tlio vicinity of, forests. A thoroughly practical and 
conclusive method was, however, not introduced until 
the year J 807, when Professor Dr, E. Ebermcyor stinted 
so-called parallel or double stations, one being situated 
inside a fully stocked forest, and the other at some dis- 
tance from its external boundary in the adjoining open 
country, all other conditions, such as elevation, soil, 
etc., being as near as possible the same in both cases. 
Ebcrraoyer started seven double stations of this kind in 
various parts of Havana. Switzerland soon followed 
with three doable stations in tho Canton Bern; then 
Austria, Italy, Prussia, Alsace-Lorraine, Thuringia, 
Brunswick, Wiirtemberg, France, aud others. About 
fivo years ago similar double stations were started in 
India (Delira Dun, Borar, Ajmere). The result lias boen 
a rich crop of reliable observations, and although many 
questions await as yet a final solution, much has been 
learned and established, which it is proposed to indicate 
in the .following pages. Tho results of the Bavarian 
observations were published by Dr. E. Ebormeyor in his 
' excellent hook,- “Dio physicalischeu Einwirkungon des 
Waldos auf Luft und Boden,” and Prof. Dr. It. Weber 
has quite lately brought together tho moro important 
results of all European observations in his Introduction 
to tho “ Jlundbuch dor Forstwissensclioft,” edited by Dr, 
T. Lorey, published in 1888. Those two works have 
been specially utilized in the following remarks. 

Before recording the results of life? observations, it is 
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desirable to show that the variety of conditions in respect 
of locality and the nature of woods is considerable. 

The following is a short description of the stations : — 

Prussia : Sixteen double stations in all, situated in 
various parts of the monarchy, and in Alsace- 
Lorraine. 

Elevation above the sea : ranging from 10 to 8,050 
feet. 

Distance of inside station from edge of forest: 
ranging from 328 to 5,24.8 feet. 

Distance of outside station from edge of forest: 
ranging from 262 to 4,167 feet. 

Character of woods : 6 Beech, 5 Spruce, 4 Scotch 
Pine woods, 1 Liineburger Heide. 

Age of woods : ranging from 20 to 110 years. 

Bavaria : Six double stations. 

Altitude : ranging from 1,066 to 2,956 feet. 

Distance of outside station from edge of forest: 
ranging from 656 to 5,905 feet. 

Character of woods : 2 Beech, 1 Beech and Oak, 
1 Spruce, 1 Spruce and Silver- Fir, 1 Scotch 
Pine wood. 

Age of woods : ranging from 36 to 60 years. 

Wiirtcmlerg : One station. 

Altitude = 2,493 feet. 

Distance of outside station from edge of forest = 
2,297 feet. 

Character of wood : Spruce wood. 

Age of wood s= 50 years. 

Sioitserland : Three stations. 

Altitude: ranging from 1,476 to 2,625 feet. 
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Character of woods : 1 Beech, 1 Spruce, and 1 
Larch wood. 

Ago of woods : varying from 40 to GO years. 

France : Tliree stations. 

Elevation: ranging from 328 to 787 feet. 

Distance of outside station from edge of forest: 

ranging from 402 to 1,312 feet. 

Character of woods : 1 Beech and Oak, 1 Oak and 
Hornbeam, and 1 Scotch Pine wood. 

Age of woods : varying from 25 to G5 years. 

In all eases fully” stocked areas wore selected. The 
observations were made at fixed hours : — 

(a) In the crowns of the trees (Germany only). 

(b) At five feet (approximately) from the ground, 

inside and outside the forest. 

(o) At various depths in the soil down to four feet. 

(d) Measurement of tlio temperature of the trunks of 
the trees (in some cases only). 

Observations extending over the following periods aro 
available : — 

Prussian stations, from 4 to 1 1 years. 

Bavarian and 'W’urtembcrgian stations, 1 year only. 
Swiss stations, 12 years. 

French stations, from 1 to S years. 

Prom the Indian stations sufficient data nre not as yet 
available to bo of use on the present occasion. 

In the following paragraphs : — 

Spring comprises March, April, and May. 

Summer „ June, duly, and August. ’ ' 

Autitinn „ September, October, and November. 

Winter f " „ Decembor, January, and February. 
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The subject of the indirect effects of forests 'will be 
dealt with under the following headings : — 

(1.) Effect of forests on the temperature of the air and 
soil. 

(2.) Effect of forests on the moisture of the air and the 
movement of water in nature. 

(3.) Mechanical effect of forests. 

(4.) Hygienic effect of forests. 

(5.) JEsthetic effect of forests. 

1. Effect of Forests on the Temperature of the Air and Soil, 
a. Temperature of the Air. 

The observations made at the twenty-nine double 
stations described above have shown that forests, on the 
whole, slightly reduce the mean annual temperature of 
the air. The general average of all stations has yielded 
the following results : 1 

Decrease of mean annual temperature in- 
side the forest, compared with the tem- 
perature at five feet from the ground in 
the open : — 

At five feet above the ground . = 1'04° Eahr. 

'In the orown of the trees . . = '41° „ 

The whole effect of a complete forest growth is, thus, 
a reduction of 1° Eahr. at five feet above the ground, 
and '4° in the crowns ; somewhat more than the average 
in mountainous countries, and somewhat less in the 
plains. So far it has not been possible to observe 
decided differences between the several species ; in some 
cases Scotch Pinejhows a greater reduction than Beech 
or Spruce, and in others the reverse has been noticed. 
On the whole it is clear that thero is a slight decrease of 
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temperature from tlio region immediately above tlie 
' crown towards the ground. 

Of more importance than the mean annual tempera- 
ture, is the mean temperature of the four seasons. Here, 
as in all future eases, a reduction in tho forest is repre- 
senled as minus (— ), and an increase in tho forest over 
the outside station as plus ( + ). 


Season. 

IUhotim or TutmuTori: iismc wr t'onrsTs, w Dmitris 
rimMun, as ouxpmimi stmt Tiir TrjirrnATCRr at 6 rr. 
Aitovs nn: CnooMi K. -ran Ores Coutsm. 

Alt It. nboie tho Ground. 

In tlie Crow nv of tho Trees. 

Spring 

-1-24 

- -59 

Summer . . 

-2T.4 

-1-4S 

Antumn . 

-MS 

- -41 

"Winter „ * . 

- -61 

A -05 

Mean of Tear 

-1-01 

- *41 


These data show that tho difference of temperature is 
greatest in summer, smallest in winter, and that spring 
and autumn stand about half-way. As to the crowns of 
the trees, the temperature is even slightly higher in 
winter than that of tho air outside. 

It is of interest to follow tho course of temperature 
during the twenty-four hours of tho day. The following 
figures give the differences calculated from tho Bavarian 
and ‘Wiirtomhergian observations : — 


Season. 

Dtirmrsfcia or Trstmuninr itmrt cv roimr am> Orm.- 
CoiTNTny at 6 it Aitovr tub Ground in both cArre, 
DrOnem FAimEMim, 

Minimum nl 
Night. 

8 A. 11. 

Maximum, 

Knrty 

Afternoon. 

cru. 

Bjirihg , 

Summer . . . 

Autumn . , 

Winter . , . 

■19 

fKQojHf 

- 1*82 
-3 42 
- -99 
+ *27 

-3-S7 
-7*42 
-4-00 
. -19C 

fil 

mmM 

i Mean of Year 

+1'S7 „ 

,-7*40 
* # 

,-3-PJ 

-1'89 * 
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It will be observed, that tbe temperature in forests is 
higher during the night and lower during the day, than 
on open ground ; the difference is most pronounced in 
summer, and next in autumn. This leads to the conclu- 
sion that forests tend to moderato the extremes of heat 
and cold. In order to illustrate this further, the follow- 
ing data arc given, which show the extent of this action 
in July and January, ordinarily the hottest and coldest 
months of the year. The figures represent the averages 
of the Prussian observations made during ton years : — 


1 

it which Measured 

Diirercnce of tlio Alnolutc 
Mnxtnii of Tuiipentnrf in 
July, Mem of JO Yran 

Diffcttbro of Absolute 
Mlnimn of Temperature in 
J'lnunrj , Mein ol 10 * c i« 

At 0 feet abovo the ground 

- j‘87 

. +2-/0 


These figures show that the maximum temperature 
of forests, situated in a climate like that of ISTor thorn 
Germany, may bo lowered in July by 5-87 degrees at fivo 
feet above the ground, and the lowest temperature in 
January may be raised by 2*70 degrees. The detailed 
observations of the different stations show further, that 
the above effect depends greatly on the geographical, 
position, and the extent to which the localities arc 
exposed to, or protected against, air currents. The 
effect differs also considerably according to species, as 
the following data will show : — 


8pccici 

Reduction of Highest 
Temperature in Ju1\ 

1 

Incte-**** of Lowest 
TempLtituTe of J ninny. 

In Beech Woods . . 

• - 8-37 

+ 2-12 

In Spruco Woods 

-d-61 

d 4 28 

In Scotch Pjbo Woods . , 

-i at 

t2 12 

\ 


Fully stocked Beech forests reduce the extremes 
of the air temperature during July almost twice 
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ns much us Spruce or Scotcli Pine -woods ; on llio other 
hand during January Spruce woods moderate the 
extremes of cold twice as much as Beech or Scotch Pine 
woods. This is duo to tho dense foliage of Beech in 
summer and its leafless condition in winter : while the 
leaf canopy of Scotch Pine woods is always much 
thinner than that of Spruce woods. 

It has thus been established that forests situated 
immediately to the north and south of tho 50° northern 
latitude reduce tho temperature of the air in their 
interior, which effect communicates itself to the sur- 
rounding country, owing to tho continuous interchange 
of air between tho two. Tho actual effect is probably 
somewhat greater than the abovo data indicate, because 
many of the outsido stations were situated so close to 
tho edge of tho forest that their temperature was already 
somewhat affected by an interchange of the air. This 
has been illustrated by the fact, that greater differences 
of temperature wero observed in tlioso cases, where the 
outsido stations were situated at a great distanco from 
tho edge of the forest. "With the view of arriving at 
more final results on this point a commencement lias 
been made in Austria to establish a system of so-called 
radial stations, that is to say, several series of points of 
observation wluch commence in tho centre of a con- 
siderable bloelc of forest, and am placed, in various 
directions, at fixed intervals, from tho centre and 
gradually into the open country surrounding tho forest. 
In. this way it is hoped to ascertain to what distanco tho 
effect of forests on the temperature of the air extends 
into the open country. ’ . 

Dr. Woeikof, Director of tho Meteorological Institute 

n 
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at SI. rdorsburg, ha? imblnlicdf omal eerie? of figures 
with the view of illu?tiating the effect of extensive forest 
area', on tlie temperature of the Mirromtding country. 
He give* the mean temperature <*f July for various 
f-erics of places, each m ru s being situated a« near a? 
pos'.ihle on one and the ••nine degree of latitude, after 
having icduenl the data to the Mime latitude and an 
elevation of (»f>0 feet above the f*'‘a. Tin* foil owing 
figures are there gh en for two sorits:-— 


*U is T / «r» t in i r or In s j.rtn o> » to M.rnrr>r of 

i *<'. IS I'Fl.tiri 1‘AlfS. 




■ Os «V» li« V 

- w* 


# 

Ai If- - 1 • 

tt •« 


« , # 

).>A S 

70 U 

(!•! • 

t Jfi 

1 .... 

Tfl3 

ivutilf »z \Vui 

<rw 

J r»!trr > . , , 

,1st ns . . . . 

7i *,f 

JVt.*-"!!! 1 * ( V 11 *•.., jl 

rt 4 


IV"!' ifj-ctn. et l. Vr . 


* S—ir— ..... 

77^ 

II -* 1 "' V 1 (M rM no j ’iif. i) 

«K 

J fr-'t.fJ' 

1 Krv ’A . , , . 

4 

74 7 

T‘Oirv» 

Anns-sljl (X IV Hot*!} ! 
l/'oVo? 

Kv» . 

«Tn*J.o«i . 

SirP!i|a{'»l‘r'l. , . . , 

rs o 
MU 
rv:, 
«•? 
IS I 

t=r 

*J!"0 


3)r. Wbeikof point? out that tlie temperature rise- on 
proceeding from the Atlantic Ocean in an easterly 
direction to continental countries ; indeed, there is a 
difference of 33*2 degree? between Onetn?ey and Szerai- 
polalmsh, and of 1 T5 degrees between Lisbon rant 
TCrapnowodric. This on (ho whole steadv increase of 
temperature a? here an<3 there interrupted, a phenomenon 
which he ascribe? to the preseucc of extensive forests. 
He point? out that on the. 30ih degree of latitude the 
first decided fall occurs at IVomenliof, which ha? in its 
vicinity the extensive forests situated on both sides of 
tlie Uavnria-Bohemian frontier. Then at ITocbwalit 
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the second fall occurs, a place which is situated close 
to extensive forests. Further east, at Troppau, the 
temperature rises again, but on entering the densely 
wooded valleys of the Hungarian Carpathians, a third 
depression of temperature becomes apparent. The 
comparatively low temperature in eastern Gallicia, at 
Lemberg, is also ascribed to the presence of extensive 
forests; while largo forests and marsh lands are found close 
to the north-west and north-east of Frew. As soon as 
the Steppes are approached the temperature rises rapidly. 
As to the places situated on the 88“ of latitude it is 
pointed out, that the temperature rises rapidly from 
Lisbon towards the interior until Athens is reached; 
at Lenkoran a decided fall is shown, ascribed to the 
presence of dense forests. 

These and other similar data are very ^interesting and 
suggestive of certain effects on the temperature exer- 
cised by the presence of large forests ; still, they should 
he .received with caution, because it is impossible to 
ascertain in how far other circumstances may have pro- 
duced the reductions, such as exposure to air-currents, 
presence of large sheets of water, swamps, &o. Thus, 
large marshOs are found at Kiew, while Lenkoran is 
situated on the banks of the Caspian Sea. 


b. Tfimperature of the Soil. 

As the temperature of the soil follows the temperature 
of the air near the surface in its upward and downward 
movements, it is necessary to observe the temperature at 
various depths. 'The 'following is an abstract of the 
Swiss, Bavarian, and ‘Wur temb ergian observations : — 
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UitKTRi.'.trs or Met* Ti-KrntATi.nr or Sot: ni-rtrn i Koniar 

am> Ori>. Opoom., >s Pknncci 1 Aiim-WErt 

bruon , 

. At 1 foot 

On the below tlio 

Sarfire 1 hurfsr<! . 

At2ft»t 
Julow tl»* 
Hirficr, 

Atlfcet 

Ik 1 OXf tl>0 

hurftce 

MA feot t 
ltfloWthr 1 
bmfiee J 

Spnnj i 15 

Snmmtr - 0 6l> 

Antumn 2 20 

Winter 20 

-3 38 
-Oil 
-2 11 
i n 

-3 ‘17 
-G‘80 
-3-02 
- ‘01 

-2-81 

-G'Rl 

-a^o 

•00 

-s-n j 
-f.‘0l j 
-3 04 1 
- ‘20 

Hein of Yt u - 4 1 4 

-3 02 

-3 U 

- 3-20 

-3‘17 j 
1 


The following conclusions may bo drawn from tliesi'- 
figures : — In the first place tlio mean annual temperature- 
of the soil is nearly the same from 1 foot below the 
surface down to 4 feet. Kcxt, it is evident that 'the 
mean annual temperature of forest soil is decidedly 
lower than that of soil in the open; in summer by 
nearly 7 degrees, very little in winter, while spring- 
and autumn hold positions half way. In spring tlio 
temperature sinks from iho surface down to 4 feet, and 
in autumn the reverse takes place, 

Tho effect differs considerably in the case of different 
species. In this respect tlio Swiss observations, average 
of 12 years, have yielded tho following results : — 


Bcumt. 

lMriini so or !t»vmuTVi c or nil Sou. l’rotnc and 
O lTUTM. ©1 F«UU STS ACCOlUMNO brcciLa. 

bprou* * 


Tax roll. 

Pinin'; 


-B-72 

-2-17 

1 - 2*03 

Summer * 


-fl 18 


- 1-88 

Antnmn 


- 1 10 

_ o np 

-2-5G 

Winter . 

• 

^ -If. 

- -1G 

■f -69 

Mean of Year . 


- 4-SI 

-3*01 

-2-21 


Tho evergreen Spruce reduces the temperature of the 
soil considerably more tlinn the deciduous Beech, and 
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still more so than the Larch. This difference is very 
pronounced in spring, that is to say, during the season 
when tho trees commonce the annual cycle of growth. 

The ahovo data seem to justify the following con- 
clusions : — 

(1.) The climate of forest countries is more equable 
than that of open countries. 

(2.) The mean temperature of soil and air in forest 
-countries is somewhat lower than that of soil and air 
in open countries. 

(3.) The reduction of the temperature may act benc- 
, floially in hot countries, but it may bo injurious in 
-countries removed from the equator, where tho tempera- 
ture is already lower than is good for the ripening of 
field crops. 

(4.) Yegetation awakens later in spring in well stocked 
forests, than in open ground. 

(o.) As forests moderate tho extremes of temperature, 
plants growing under the shelter of a forest crop are 
less liable to suffer from late and early frosts or from 
draught, than plants growing in tho opon. 


2. Effect of Forests on the Moisture of the Air and the 
Movement of Water in Nature. 

Air cun hold only a certain maximum quantity of 
vapour, which increases and decreases with flic terapora- 
liu‘ 0 . When tho maximum has boon reached, and more 
vapour is introduced, a part becomes fluid. Tho abso- 
lute vapour in tho air is measured by its tension upon a 
column of mercury, os represented in a barometer. Tho 
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proportion of the absolute tension to the maximum ten- 
sion of vapour, -which is possible at a certain temperature 
and pressure, is called the relative humidity of tho air. 
Although the humidity of tho air depends in the first 
placo upon the general distribution of heat and air pres- 
sure over the large sheets of water on the earth, which 
govern the direction and force of the moist air currents, 
the vegetation of the earth must also affect the dogrec of 
humidity, chiefly because it reduces the temperature 
locally. That effect may be felt in tho degree of humidity 
of the air, tho amount of precipitation, the degree of 
evaporation, and in the feeding of springs and rivers. 

a. Humidity of the Air. 

The observations so fax available show that forests do 
not affect the absolute humidity of the air to any appre- 
ciable extent. Thoso made in Bavaria yielded the 
following results : — 



Mira AnsOLtm* Vapoui. Tension, in Inches 

bnv n 

In tho Open, 5 feet 
above Ground. 

In Torest. 6 ftet 
above Ground 

Exccw In forest 

Spring 

•2788 

■282* 

■1 -0036 

Summer . 


•4018 , 

-•0008 

Autuntu „ . . 


■2880 

+ -0080 

Winter . 

•1820 

•1918 

+ 0098 

Mean of Year . „ 

•3010 

•3004 

+ -0054 


These figures show that the incrcaso in forest did not 
reach 2 per cent, of the quantity outside. More extended 
observations have since shown that tho difference is even 
smaller, and in some cases forest air has been found to 
contain less absolute vapour tension than open air. • 

It is different with tho relative humidity of the air. 
As the temperature of forest air is on the whole lower 
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than that of open air, whilo the absolute humidity 
remains the same, it follows that the relative humidity of 
forest air must ho greater than that of open air, more espe- 
cially in summor. The following data will illustrate this: 

Tho Bavarian observations of 18G8 — 09 gave the 
subjoined results, as a general averago: — 



Mian tliumi; Humidim, tv nn aim o. Svuiuatiun. 

Staton. 





Xu tli<* 0]»en, 5 fct.1 

In Forwt, 5 tu t 
Mm's 0 Ground 

Ilvcc-v* III FbtiMf. 


ftl> r\v Giumvl 

Swing . . . 

71-00 

80 -(JO 

■BSH 

Suminlr . 

71-02 

81-20 


Autumn . . . 

S2-72 

87-D4 


Winter . 

84-19 

89-18 

+ 6-21 

Mem of War . , 

78 4 5 

SI -81 

rCWi 




Theso observations show that the mean annual excess 
amounted to G*36 per cent. There was, however, a 
decided difference according to tho altitude of the 
stations. While the excess amounted to only 3T4 per 
cent, at 1,0G6 feet above tho sea, it was as much as 8-79 
per cent, at 2,95G feet elevation. Further differences 
havo been recorded according to tho species, as the fol- 
lowing data Avill show, representing the averages of the 
German and Swiss observations : — 


I,«ji ns <n» Jit ? A-rnr niiiuom in FoiJ't o'-rn Tin. 
Own Coibstio, in n it unt. o> h vtohation. 



Her eh 

Sprm .> 

Hmteli l’ln. 

1- mb. r 

— 

• - 

Ills 

I 1-01 

+9-.15 
*1 1-07 

4 173 

4 6D2 

4 8 ’5(5 
i 7-01 
i i 7(1 

4 2 9,1 

4 3-87 

4 4-24 
h-270 

1 2-83 ; 

+7-85 
4-6"J5 1 

4 *31 

Muni of Year , . 

+4*27 

+<5-81 

4 3-12 

4-1-12 t 


Evergreen dense Sjiruco woods produce a much greater 
effect' than tho thin ciWnfcd Scoteh Pine, or tho decidu- 
ous Beech and Larch. At tho same timo tho greatest 
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■effect is produced in Beccli woods during summer, owing 
to the dense leaf canopy which exists in such woods at 
that season. 

The detailed figures show, that the mean annual excess 
in forests ranged from 3 to 10 per cent., which explains, 
why dry air currents striking through forests become in 
a short time relatively moist, so that precipitations may 
be caused. At any rate there can be no doubt that the 
formation of dew is much greater in the vicinity of 
forests than on open ground away from woodlands. 

b. Precipitations, or Rainfall. 

The question whether, and in how far, forests affect 
the r ainfall, is o ne which has been actively discussed for 
many years past, but so far no final decision has been 
possible. That forests can affect precipitations follows 
from the facts, that forest air is relatively moister than 
air in the open, and that the trees mechanically affect 
the movement of tho air; hut, on tho other hand, the 
rainfall depends chiefly on other much more powerful 
agencies, in comparison with which the effect of forests 
is small. Numerous comparative observations have been 
made, but only a certain portion has so far been pub- 
lished, and unfortunately those which seem to indicate a 
decided effect of forests on tho rainfall are not always 
very reliable. The great difficulty in comparing the 
results of observations at forest stations (that is to say 
stations situated inside a forest) with those of the ordi- 
nary meteorological stations, consists in the fact, that 
■elevation above the sea affects the rainfall most power- 
fully, becauso air cools on rising and precipitations 
become more frequent with elevation. 

Although further observations are necessary, before a 
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-final conclusion can bo amvcd at, the following data may 
prove interesting : — 

In tlio Prussian system tlio forest stations have shown 
the subjoined increase of rainfall over the average rain- 
fall of the open country as tiikcn from the ordinary 
meteorological stations : — 

Excels of lUInCilt In ron.it 
Station o\ or tint or Open 
Country, In por cent of 
the titter lt-iltifeH. 

Between Sea level and 328 feet elevation . 1*25 per cent. 
„ 328 and 556 feet „ . 3 4*2 „ 

1,969 and 2,297 feet „ .39 „ 

,, 2,297 and 2,025 feci „ . 43 „ 

Al though those figures may not represent the absolute 
fact 4 ? of the case, they scorn to indicate that in the plains 
forests have very little effect upon the rainfall, if any at 
nil, but that tlicir influence becomes considerable with 
increasing elevation in mountainous countries. 

The results of 7 years’ observations made at two 
stations near Haney show a decided increase of rainfall 
in the forest. The stations are situated 1,247 feet above 
the sea, one in the middle of an extensive forest 5 
miles to the west of Haney, tlic other in an almost 
woodless country C miles to tho north-east of Haney. 
The results were as follows : — 

lnwvse At BainfiU in 


February to April 

Ponst over that in the 
Open, In percent, of tho 
Will T. 

. 7 per cent. 

May to July . 

• • * 33 

August to October 

. 23 „ 

Hovombcr to January 

• * • ^ 3 ) 

Mean of Year . 

. . . ,16 „ 
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that is to say, an increase of 16 per cent, in the forest 
station. 

Other evidence tending in the same direction is avail- 
able, but the Bavarian observations do not justify any 
direct conclusion as to any increase in the absolute 
rainfall due to the action of forests. 

On the whole it may be said, that various physical 
factors act towards rendering forests excellent condensa- 
tors of vapour, because they have a lower temperature, 
a moister air, and break the force of air currents. These 
properties are more evident in elevated positions than in 
low lands and in the vicinity of the sea, where they are 
swamped by oilier more powerful agencies. Absolute 
certainty in respect of these phenomena can only he 
obtained through further extensive observations. 

There can he no doubt on one point, namely, that the 
presence of a forest crop prevents a considerable portion 
of the rainfall from reaching the ground, because it is 
interrupted by the crowns of the trees. The various- 
measurements have yielded tho following results : — 


Stations 

QuAvnr\ 01 H vim all h men reached tjh Groirvo in *ele 

STOCKED "W OOPS, IN T* Jl LENT OF TcTAt RAINFALL. 

Beech W ooda 

Spruce Wood* 

Scotch Pine 
Woods 

Larch WcwHla 

.Prussian Stations 

7<S 

78 

78 


B'wnnan Stations 

7S 

73 

00 

. 

Smsa Stations . 

90 

77 


S5 


The 'total average of the Bavarian stations show's 77 
per cent, of the rainfall as, having reached the ground, 
whereas 23 per cent, were intercepted by the crowns of 
the trees, and which evaporated or partly ran down tlie- 
trunks of 'the tfccs. 
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c. Evaporation. 

Owing to tie lower tomporature, the greater lnimiditj r 
of the air, and the quieter state of the atmosphere, 
evaporation must be considerably smaller in forests than 
in the open. This has been conclusively proved by 
direct observations. Those made in Bavaria and 
Prussia show the following results : — 


Stations. 

Qi/«rr*T\ of Wat™ ]frAronvri4> ntOM a 
*PEE SUMACF 0> WATPU, lit 1[11(T IN iNCItls 

Less in Fousb 
expressed. In por 
cent, of tlit total 
Quantity ovaporutu 1 
In the Open. 

Iii tlio Open. 

In Forest. 

in Forest 

Badalian , . 

23 53 

8 Cl 

■Ml.™ 

-C3 

PnHsiim . 

18 '1C 

5-9S 

WM 

— 55 

Mean . . 

18 34 

7'29 

-11-05 

-CO 


These data show that evaporation in the forest was 
only two-fifths of that in the open country. 

' The effect of this action is, that of the water which 
falls on the ground in a forest, a considerably larger 
proportion is secured to the soil, than in the open. That 
water is available to be taken up by the roots, while 
any balance goes to the ground water and helps to feed 
springs. Of considerable importance in this respect 
is the covering of forest soil. Dr. Ebenmayer’s observa- 
tions on this point, extending over 5 years, show the 
following results : — 

Part-v 

Water evaporated from soil in the open . .=100 

Evaporation from forest soil, without leaf-mould . = 47 
» jj » j, with full layer of 

leaf -mould . .= 22 

In other words, forest soil without leaf-mould,. 
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evaporated less than half the "water evaporated in the 
open, while forest soil covered with a good layer of 
humus evaporated even loss than one-fourth of that 
•evaporated in the open. 

The result of these peculiarities is, that, at any rate 
up to a certain elevation, the forest soil retains, after 
allowing for evaporation, more water, than open soil, 
although some 23 per cent, of the rainfall are inter- 
cepted by the crowns of the trees. In order to illustrate 
tills the following table, taken from Dr. Weber’s 
calculations, is inserted, as it draws the balance of 
rainfall over evaporation, according to elevation j it is 
based upon the Prussian observations : — 


Altitude of 
btatlonn m 
Tect 

Ixcre-H op lUi«rrAir oirn 

KVArOBATJOV, IN IVCHES. 

FcRCrVTAOi or IUivfaix which 
E*AroitATPD 

In tlic Open 

In Forert 

In till! Open 

In rureit 

0—328 

12 02 

12 32 

55 

37 

328—656 

12 69 

13 84 

53 

30 

981 — 1812 

12 20 

17-65 

5S 

25 

1969—2297 

36 96 

30 70 

22 

1.1 

2510 

47-10 

13 08 

15 

n 

3050 

56 77 

40 "31 

19 

n 


This table shows that the balance of water retained 
by the soil increases rapidly with altitude, and that the 
evaporation in mountain forests may be reduced to about 
10 per cent, of the rainfall. If it be remembered, that 
the moisture is most effectually preserved in forests, it 
will easily be understood why the mountain forests have 
from time immemorial been looked upon as the preservers 
of moisture and feeders of springs. No doubt, a certain 
portion of the water is again taken out of the ground 
by tbe roots of the trees and evaporated through the 













the utility of forests. 


45 > 


leaves. Tlio quantity thus consumed is not known at 
present, hut it cannot ho moro than 12 inches, the 
total quantity available in plain forests, and probably 
it becomes less with elevation, so that a considerable- 
balance remains available in hill forests for the feeding 
of springs. 


3. Mechanical Effect of Forests. 

The mechanical effect of forests makes itself chiefly 
felt in regard to the distribution of the rain-water, 
the preservation of the soil on sloping ground, the 
binding of moving sand, the prevention of avalanche**, 
and the moderation of air ourrents. 

a. Feeding of Springs and Rivers. 

Most of the rainwater falling on a bare slope rushes 
down into the nearest watercourse in a comparatively 
short time, thus causing a rapid rise in tlio lovol of the 
stream. Only a comparatively small portion sinks into 
the ground, so as to become available for the feeding 
of springs. Of the rain falling over a forest, close on 
one-fourth is intercepted by the crowns of the trees, and 
the other three-fourths fall upon a layer of humus, 
which possesses a great capacity to absorb water and 
to retain it for a time. It has been shown, for instance, 
that mosses of tbo species Hypnum, which grow under 
the shade of conifers, can absorb up to 5 times their 
own weight of wator, and peat mosses of the genus 
Sphagnum up to 7 times, while the leaf-mould to. 
bo found in a middle-aged well-preserved Beech wood 
can absorb and retain for a time a rainfall of 5 inches. - 
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Part of the "water thus absorbed penetrates into the 
ground and becomes available for the feeding of springs, 
while the rest gradually finds its way into the nearest 
stream. In this manner well-preserved forests must 
have a decided effect upon the sustained feeding of 
springs and the moderation of sudden floods in rivers. 
"When, however, the humus has been saturated with 
water, and rain continues, the effect of forests as 
regards inundations must cease, because the additional 
water follows the laws of gravity and finds its way 
into the valleys. Hence the effects are of limited ex- 
tent, a matter winch has frequently been overlooked 
in discussing the subject. In order to moderate in- 
undations to any appreciable extent, it would be neces- 
sary to keop a very large proportion of the catchment 
area under forest, and even such a measure "would only 
afford protection to a limited extent. 


b. Protection of the Soil. 

Water rushing down a bare slope possesses a great 
mechanical power, by means of which it loosens the 
soil, and carries it down hill. In this way landslips are 
often caused, ravines are formed, and fertile land, situated 
at the foot of the ravines, may be covered with silt and 
rendered valueless. Frequently the dtlris collects in 
rivers and forms obstructions, which are followed by a 
diversion of the bed and erosion of fertile lands. The 
rate at which this process proceeds, depends on the 
geological origin and the formation of the surface ; the 
less binding the soil and the looser the formation, tho 
greater will be the damage. If, on the other hand, 6uch ' 
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a slope is covered with a well preserved forest, the roots 
of ilxo trees and the layers of humus keep together and 
protect the soil against the action of water ; besides the 
crowns intercept and retain, at any rate for a time, a 
considerable portion of the water. On the whole, a 
series of obstacles are opposed to tlio movement of the 
water, which reduce its velocity and force, or at any rate 
divide it into numerous small channels. The beneficial 
effect of tree vegetation in this respect can he ob- 
served in most mountain ranges, and especially in the 
Alps from France to Austria. 'Wherever, in those 
parts, extensive deforestations have takon place, tho 
consequence has been the gradual formation of a series 
of torrents, in all places where the surface did not con- 
sist of hard roelc ; the debris brought down has covered 
more and more fertile land at tho base of the torrents, 
and this evil lias grown to such an extent, that not only 
in France, hut also in the other Alpine countries, great 
efforts are now made to re-afforest the denuded areas, at 
a great outlay. Whon once the evil has been created, 
immediate afforestation is not possible ; it must bo pre- 
coded by the construction of dams, dykes, walls, &c., to 
steady the soil until the young forest growth has had 
time to establish itself and once more to lay hold of tho 
surface soil. 

The importance of maintainiug a complete cover of 
vegetation in all such cases was recognized many years 
ago, so that already in tho middle ages so called 
“Protection Forests” existed, which the then existing 
laws protected against devastation. Although the 
effect hero described, is perhaps most complete in tho 
case of a well-stocked forest, similar effects’ can ho 
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produced by covering the soil in other ways, as 
for instance by a dense growth of heather, by 
turf, &c. 

Forests protect the soil not only in the hills, but also 
in low lands, wherever it consists of so-called moving or 
shifting sand, along the sea coast as well as in the 
interior of countries. The action in this case is due 
partly to their moderating the force of the air currents 
and partly by keeping the soil together through their 
roots, by the formation of humus and the retention of 
moisture. In this way the Landes of France have, from 
a dreary waste, been converted into extensive forests 
intersected by cultivated fields. 

c. Piotcction against Avalanches . 

Although most avalanches in the higher hills 
originate above the upper limit of tree growth, there 
arc many cases where the presence of a well-preserved 
forest protects towns and villages lying below them by 
preventing the formation of avalanches, or by stopping 
their forward movement and increase as long as they 
are as yet small. Uenco many forests in the Alps aro 
maintained as a protection against avalanches. 

d. Pi nteclion against Air Currents. 

Forests break or moderate the force of air currents, 
and in this way afford protection to lands lying beyond 
them against cold or dry winds. Whether such effect 
is beneficial or otherwise, depends on tho geographical 
position, the local climate, and the season of the year 1 . 
Woodlands afford also shelter to cattle, game, and useful 
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birds. Their importance in this respect should not bo 
overlooked; forest grazing is frequently of greater 
valuo than grazing on open ground; the presence of 
birds, which are the great enemies of injurious insects, 
depends often on that of woodlands. 

4. Hygienic Effect of Forests. 

Forests, in forming a substantial part of the vegetation 
of the earth, are an important agency for the production 
of Oxygen obtained by the decomposition of Carbon 
Dioxide. Direct observations have also shown that 
forest air (like sea air) is muoh richer in Ozone than 
the air of open countries, and especially of towns. 
Professor Ebermayer gives the following results, the 
maximum content of Ozone being indicated by 10, and 
complete absence by 0 : — 


Station i. 

Conti nt> oi Ozost. is tub Aiju 

. ... 

Spring. 

Summer. 

Autnmn. 

Winter. 

Averago of tho six liivanan j 





tlonblo stations situated ( 
inside and in tho vicinity of f 

6-20 

771 

7 99 

8-3G 

forests . . . . ) 





Aechaffcnburg, town 

C-81 

C-24 

5-35 

6-04 

Leipzig, town . . . . 

5-42 

6-93 

3-05 

3-37 

Zwickau, town 

3-23 

3-11 

2-21 

1-81 


' The difference between forest countries and towns is 
greatest during winter, which seems to show that the 
contents of Ozone do' not depend on the action of the 
leaves.’ It was also found that the air inside forests 
contained slightly loss Ozone than along tho edge of the 
, woods, which may he duo to the presence of large 
quantities of decaying matter (humus) in the forest. 
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If forests, then, produce Oxygen and 02one and protect 
human habitations against injurious air currents, they 
may exercise a beneficial effect upon the healthiness of 
adjoining lands. Instances are not wanting where 
forests arc said to have given protection against the 
germs of malaria, but thero are others, where they are 
said to have had the opposite effect. As far as India is 
concerned, in some cases the medical authorities of 
military cantonments ordered forests to bo planted, and 
in others to bo cut down. Whether certain species, 
such as Eucalyptus, really possess the quality of drying 
up soil and thus remove swampiness, has yet to be 
proved. 

5. JEsthctic Effect of Forests. 

As forests increase the artistic beauty of a country,' 
they must influence the character of the people, 
especially as they are favourite places of recreation. 
Many of the British woodlands were created, or are 
maintained, for their rosthetic offocts. 


Section III. — Summary or Conclusions. 

The various ways in which forests exercise an influ- 
ence in the economy of man and of nature may be 
summarized as follows : — 

(1.) Forests supply timber, fuel and other, forest 
produce. 

(2.) They^ offer a convenient opportunity for the 
investment of capital and for enterprise. 

(3.) They produce a demand for labour in their 
management and working, as well as in a variety of 
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industries whioli depend on forests for their raw 
material. 

(4.) They reduce the temperature of the air and soil to 
a moderate extent, and render the climate more equable. 

(5.) They increase the relative humidity of the air 
und tend to reduce evaporation. 

(0.) They tend to increase the rainfall. 

(7.) They help to regulate the water supply, ensure a 
more sustained feeding of springs, tend to reduce violent 
floods, and render the flow of water in rivers more con- 
tinuous. 

(8.) They assist in preventing land slips, avalanches, 
the silting up of rivers and low lands, and arrest 
moving sands. 

(9.) They reduce the velocity of air currents, protect 
adjoining fields against cold or dry winds, and afford 
shelter to cattle, game, and useful birds. 

(10.) They assist in the production of Oxygen and 
of Ozone. 

(13 .) They may undor certain conditions improve the 
healthiness of a country, and under other conditions 
endanger it. 

(12.) [Finally they increase the artistic beauty of a 
country. 

' Whether, and in how far, these effects are produced 
in a particular country depends on its special conditions. 
As regards the direct effects, enumerated undor 1, 2 and 
3, the following considerations are of importance in 
deciding whether existing woodlands should he pre-^ 
served, or new forests created : — 

(1.) The position of the country, its communications 
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■n-itli other countries, and tlio control which it exercises 
over other countries. 

(2.) Tho quantity and quality of substitutes for forest 
produce available in tho country. 

(3.) The value of land and labour, and the returns 
which land yields, if used for other purposes. 

(4.) The density of population. 

(5.) Tho amount of capital available for investment. 

A country so situated that tho importation of wood 
and other forest produce is comparatively easy and 
oheap (sea-bound, traversed bj' navigable rivers coming 
from countries which are rich in forests, or intersected 
by numerous railways and other means of communica- 
tion), or which has control over other countries, as for 
instance colonies rich in forests, can dispense with 
extensive forests. In a country which is rich in coal, 
lignite, or peat, tho production of firewood is of sub- 
ordinate importance. Where iron or other substitutes 
for timber are available in sufficient quantity and at a 
low rate, forests are not required to the 6ame extent, as 
in a country which does not enjoy such advantages. 
Whero land under field crops yields, even if forest 
produce is imported, a higher interest on the invested 
capital than under forest, tho latter would, in this 
respect, ho undesirable. If the population of a country 
is very dense, and all land is required for food, forests 
would bo out of place. Where, on the other hand, 
waste lands exist, which arc not required or unsuited 
for field crops, and where the population is at the samo 
time in- want of additional work, it may ho advisable 
to create forests so as to increase tho returns from 
surplus lands, and to proride occupation through the 
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operations connected with the administration of the 
forests and the industries which the existence of forests 
tends to create. 

In considering the advisability, or otherwise, of 
afforesting a country, with special reference to the 
indirect effects of forests, the most important points are 
its climate and configuration. The nearer to tho 
equator, the more important becomes, as a rule, the 
forest question, and tho further romoved from it, the 
less important. ‘While forests may in a hot country, 
with distinct wet and dry seasons, be absolute!}' neces- 
sary for the mitigation of extreme heat and dryness 
during certain parts of the year, and the regulation of 
the flow of water in springs and rivers, they may be 
injurious in a northern country, which is already too 
cold and damp. Similarly, a continental country may 
* require forests, while a sea-hound country may he better 
without them, as far as climatic considerations are con- 
cerned. A mountainous country is much more in need 
of forests than a low lying country, on account of their 
beneficial action as regards landslips, avalanches, the 
> carrying away of ddbris, the silting up of rivers and 
low lands, sudden floods, and the sustained feeding of 
springs. As regards the protection against strong winds 
and shelter to cattle and useful birds, forests act bene- 
ficially in any country. 

On the whole, no general rule can he laid down 
showing whether forests are requirod in a country, or 
what percentage of the area should ho so used. Tho 
forest question must bd determined on tho , special 
circumstances of eaoh country. By way of illustration 
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the areas at present under forest in a number of countries 
arc shown in tlio following table: — 
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Considerable differences exist in respeot of tbe dntn 
available for several of the countries. In all such 
cases the data which appeared most reliable, have been 
entered in the above tablo. The percentage of forest 
area varies from 48 to 4, and the nrca per head of popu- 
lation from 9*9 to -1 acres. , This shows that the general 
conditions in the various countries must make different 
demands in respect of afforestation. Sonia, Jtussia, 

* Approximate, f Includes olive ttoocH 

V Include* probably the Corporation forests, § Others gfacTjier cent. 
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Sweden, and Norway, may as yet have more forest than 
they require for their own population. On the other 
hand, Great Britain and Ireland, Portugal, Denmark, 
Holland, Belgium, and even France and Italy have a 
smaller forest area than is necessary to supply them 
with a sufficient quantity of forest produce. At the 
same time, they are all sea-bound countries, and conse- 
quently subject to conditions, which differ altogether 
from those found in continental countries ; most of them 
are under the influence of moist sea winds, and all 
are favourably situated in respect of importation by 
sea. 

Intimately connected -with the area under forest in a 
country, is the state of ownerships. Forest owners may 
he grouped into the following three great classes : — 

(a.) The State or the Crown. 

(b.) Corporations, Endowments, etc. 

(a.) Private persons. 

Where forests are not required on account of their 
indirect effects, and where importation from other 
countries is easy and assured, the Government of a 
country need not, as a rule, trouble itself to maintain or 
acquire forests, but where the opposite conditions exist, 
that is to say, where forests are necessary to produce 
olimatic and mechanical effects, and where the cost of 
transport over long distances becomes prohibitive, a wise 
administration will take measures to assure the main- 
tenance of a certain proportion of the country under 
forest. This can. be done, either by maintaining or 
constituting a certain area of State forests,’ or by exer- 
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cisiiig a certain amount of control over Corporation 
and private forests. In most civilized countries, Cor- 
poration forests are subject to the control of the State, 
though the degree to "which such control is exercised 
may differ. Private forests arc free from control in 
some European States, and subject to it in others. In 
all such cases the State is only justified in interfering 
when the welfare of the general community requires it. 
The extent to which interference may he carried depends 
on the special conditions of each country, and on the 
proportions of the forest area belonging to the State. 
Thus, of the Swiss forests only 4 per cent, belong to the 
State, while G7 per cent, belong to Corporations, and 29 
per cent, to private owners ; at the same time, a large 
portion of the area are so-called protection forests, and 
in consequcnco Government exercises an extensive con- 
trol over both Corporation and private forests. Of the 
German forests 33 per cent, belong to the State, 19 per 
cent, to Corporations, and 48 per cent, to private per- 
sons; the Corporation forests are under State control, 
making, with the Slate forests, 52 per cent. This 
being more than one-half of the area, the control over 
private forests has of late years been considerably 
reduced, and in some parts abolished altogether*. 
It is worthy of notice that only 20 per* cent, of the 
Swedish and 12 per cent, of the Norwegian forests 
belong to the State, while the built arc private forests, 
■over which little or no control is exercised by the State. 
Large quantities of timber are exported annually from 
these countries to Great Britain and other countries, and 
it may safely he expected, that these supplies will con- 
siderably decrease in the course of irate. 
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"FORESTRY IN GREAT BRITAIN AND IRELAND. 


1. Indirect Effects of Forests. 

In applying the above conclusions to Great Britain 
and Ireland, it should be remembered, that the cliinato 
and rainfall of these islands are principally governed by 
their insular position, which exposes them to strong 
moist 1 air currents coming direct from the sea. Com- 
' pared with their effects, those of forests, even if they 
occupied 20 per cent, of the total area, would be 
found comparatively small. Again, a great portion 
of the waste lands in Great Britain and Ireland is 
covered with heath, and a considerable portion with 
peat mosses, which are most powerful agents in the 
retention of water ; in this respect the addition of trees 
would make comparatively little difference; moreover, 
afforestation would, in many cases, be accompanied by 
the draining of the soil, which would counteract the 
’ effects of forests. Lastly, Great Britain and Ireland 
get as much rain as they require, and in many parts 
more than is good. As regards climate and rainfall an 
increase of the forest area is, therefore, not required. 

The next point for consideration is the effect of forests 
' on the regulation of the moisture, on floods, landslips, 
erosion, etc:’ If Great Britain' and Ireland were situated 
in a more southern latitude, or removed from the sea, 
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their configuration, especially that of Scotland and 
Ireland, would probably make afforestation a necessity, 
but owing to the existing climate, the waste lands are 
naturally clothed with a covering, which retains water in 
a high degree, and binds the surface soil well together. 
The upper part of the hill ranges is, in many cases, bare, 
and there afforestation might produce some good effects, 
but the undertaking, even if the plantings were successful, 
would never pay, and it could only be justified on public 
grounds if the damage done by the rushing down of the 
rain-water was great. Damage of this kind .occurs 
occasionally, but on the whole it is not considerable. The 
rock is in most parts sufficiently consistent, or at any 
rate covered with a sufficient growth of plants to resist 
any appreciable eroding action of the rain-water. On 
the whole, afforestation is in this respect not called for ; 
at any rate, the question is neither urgent nor very 
hnportant, so long as erosion is not artificially started 
hy the act of man. Damage by floods occurs in some 
parts, but it will ho cheaper to suffer the loss, or to meet 
it hy engineering works, than hy the afforestation of 
unpromising steep hill-sides. 

The action of forests on winds and the protection 
which wood lands afford to cattle and useful birds 
deserve, however, attention. It is well known that the 
/strong sea breezes which sweep over these islands impede, 
to a considerable extent, tho successful prosecution of 
agricultural operations, more especially along the western 
coastlands, and any measure which would reduce this 
baneful effect must be beneficial. Much good could he 
done in this respect by a judicious distribution over the 
country of belts and blocks of forest. 
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2. Forest Produce. 

Great Britain and Ireland are- ■well supplied "with, coal 
and peat, and the production of firewood is of very little 
importance. As a matter of fact, firewood is unsaleable 
in many parts of the country. Tho question of the 
supply of timber and minor produce requires a more 
detailed notice. Although the production of iron is 
enormous, the imports of wood into Great Britain and 
Ireland are very considerable. Largo quantities of 
minor forest produce aro also imported, articles which 
serve as the raw material in various branches of 
industry. 

The following information has been extracted from 
the Annual Statements of the Trade of the United 
Kingdom. It shows the average annual value of the 
importations of timber and other forest produce, calcu- 
lated from the returns for the five years of 188B to 1887, 
to have been as follows : — 

Value of Minor Produce, such as tanning 
baric, corlc, caoutchouc, cutch, myroba- 
lans, dye-woods, gums of various kinds, 
gutta-percha, turpentine, pitch, tar, £* 1 
resin galls, wood pulp . . . 8,000,000 

Value of Imported "Wood (round figures) . 15,000,000 

Total Annual Import . 23,000,000 


* Mr. Simmons in tlio “Journal of tbo Society of Arts," 13tb December, 
18S1, gives tlio following figures for the year 1883 only : — 

Value of minor produce . 14,000,000 

Value of wood ... . 18,000,000 


Total 


. 32,000,000 
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The greater part of the minor produce is of such a 
nature, that it could not he produced in these islands. 
Certain articles, however, such as tanning bark, wood 
pulp, and to some extent turpentine, resin, pitch, and 
tar might he grown and manufactured in this country ; 
the total of such articles would probably not exceed a 
value of £1,000,000. 

As regards timber, about £8,000,000 represent the 
value of Teak, Mahogany, and a soxies of fancy woods, 
which could not he grown in the United Kingdom. The 
remaining £12,000,000 represent the value of coniferous 
woods, Oak, etc., which can ho produced in the country. 
The total value of produce, which is at present imported, 
but which could be grown at home, thus approximately 
amounts to : — 

Valne. 

Minor produce . . . = £1,000,000 

Timber . . . . = 12,000,000 

Total . £13,000,000 

Tho timber included in this valuation comprises on an 
average, calculated from the returns for 1883 — 87, 
5,869, GG7 loads a year. It is not easy to determine the 
exact area which would he required for tho production 
of that timhor, but roughly speaking, it may he esti- 
mated at 6,000,000 acres; the question arises then, 
whether such an area is available, and if so, whether it 
is advisable to increase the area under 'forest in the 
United Kingdom to such an extent as to meet future 
requirements of timber, or whether the Colonies and 
■other countries may be relied on to meet the demand. 

According to the Agricultural Statistics for 1884 — 85, 
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tlic distribution of land amongst the different branches 
of agriculture to as follows : — 


Distribution Of 
Land. 
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The total area of waste lands, roads, water, fences, eto., 
amounts to 26,757,000 acres, of which about one-half is 
situated in Scotland. It is difficult to say what propor- 
• tion of this area may be available or suitable for the 
growth of forest trees, but on the whole it may be 
assumed that the above-mentioned area of six milli ng s 
of acres might be found, or at any rate the greater 
portion of it, because a good deal of so-called barren ’ 
' mountain and waste land is quite suitablo for planting, 
and a large proportion of the bog and marsh can bo 
rendered fit for tree growth hy draining. On the other 
hand, a considerable part of tho waste lands yields now 
so, high a return as shooting grounds, that it might 
involve a financial loss if such areas were put under 
forest. 

Tho 5,869;GG7 loads of timber imported annually, and 
which could be grown in tho ‘United Kingdom, came 
from tho following countries :■ — 
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From 

Eussia (northern ports) . 

1,333,139 loads 

33 

Sweden 

1,506,852 

33 

33 

Norway . . . . 

728,111 

33 

33 

Germany 

346,189 

33 

» 

France ..... 

348,771 

r 

3 ) 

31 

tho United States of America . 

373,089 

33 


Total . 

4,636,151 

33 

53 

Canada 

1,233,516 

33 


Grand total . 

5,869,G67 

33 


In round figures, the United Kingdom receives about 
1 : | million of loads from a British colony — the Dominion 
of Canada — and upwards of 41 million loads from foreign 
countries, over whose forest policy the British Govern- 
ment has no control. The question thus arises, are these 
countries likely to keep up the supply ? Tho reports 
received from Canada are not encouraging. Enormous 
areas of timber forests have been destroyed of late years, 
and the United States may at any date attract the sur- 
plus supply which is still available in Canada. It is 
beyond the scope of this work to discuss the question, 
in how far the British Government can influence the 
Government of Canada in introducing an efficient system 
of forest conservancy. The imports from this colony show 
a decline of 32 per cent, during the five years 1883 — 87. 

The supplies received from the United States of 
America represent probably, as far as their bulk is 
concerned, material which came originally from Canada ; 
hence it may safely be predicted that this supply will 
disappear, because the United States have to import 
timber on a large scale for their own requirements. 
All available information shows this. 
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The importsfrom Prance are believedto represent chiefly 
mining props received from the pine forests situated to 
the north and south of Bordeaux. The supply has, 
during the years 1883 — 87, increased by 9 per cent., and 
it seems capable of a considerable further expansion. 

The imports from Germany have fallen off by 35per cent, 
during the fire years under discussion ; this is probably 
duo to the fall in the price of timber, and not to a falling 
off in the supply, as the bulk of tho German forests is 
under systematic management and control ; indeed, it is 
believed that future supplies to this country could be 
increased, especially from the forests in East Prussia. 

In Sweden, Norway, and Russia, tho forest conservancy 
measures so far introduced do not warrant a sustained 
* yield from these countries. Of tho Swedish forests only 
20 per cent., and of tho Norwegian 12 per cent., belong 
to the State, while little or no control is exercised over 
the rest of the areas. Tho United Kingdom lias on 
an average received 3,508,102 loads from tho above- 
mentioned three countries, the supplies having fallen off, 
during the period 1883 — 87, by 4 . por cent, from Russia, 
8 per cent, from Sweden, and 13 per ccut. from 
‘ Norway. If this decrease is not due to fluctuations in 
trado generally, but to a gradual exhaustion of tho 
growing slock in tho forests, this country may ho seriously 
affected. No other countries are loiown at present winch 
could replace tho supplies hitherto received from tho 
above-mentioned countries. India has nothing to spare, 
except a certain quantity of Teak and some fancy woods, 
which would be too oxponsivo to replace tho cheap 
woods now received from nearer homo. Australia can 
probably do 'little or nothing to help. 
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On the whole, future supplies of timber to this country 
in sufficient quantity are by no means assured ; and thorc 
is so much doubt about their continuity, that any -woods 
now planted in the United Kingdom may reasonably bo 
expected to yield a fair return by the time that they 
bccomo ripe for the axe. At any rate, forethought as 
regards future supplies of timber is more necessary thnn 
in respect of any other article, since many years must 
pass before trees attain a sufficient size to yield timber 
for construction, shipbuilding, and such liko puiposes. 
The financial aspect of the question will always be one 
of great difficulty in this country. Tho State, or 
the Crown, owns a comparatively small area of the 
surplus land, and privato owners will, as a rule, be 
guided by financial considerations. The latter have 
not, in many cases, tho moans to meet the initial cost 
of planting, fencing, draining, etc., or, even if they 
were to find that money, they may not bo in a position 
to forego an income from tho land, until tho forests came 
into bearing. Hence they will not, as a rule, plant 
except on land which cannot bo otherwise made to yield 
a reasonable return. At present the prices of timber are 
so low, while deer and game preserves pay such high 
returns, that timber forests on a largo scale are not 
likely to bo established, except in so far as thoy may 
bo auxiliaries to improvo tho shooting. 

8. Labour. 

Tho labour question in connection with afforesta- 
tion is of some importance in these islands. If 
the forest area were increased by 6,000,000 acres 
during tho next twenty years, it would be necessary 
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to plant annually some 300,000 aei’es, which -would 
- fully employ at least 15,000 labourers (one labourer for 
twenty acres), corresponding to a population of 75,000 
people. After the forests had been created, they would 
give steady employment to perhaps 100,000 labourers, 
corresponding to a population of half a million of people, 
apart from special forest industries, winch the existence 
of extensive forests tends to create. Large as these 
figures aro, they show that forests give but small em- 
ployment, when compared with the cultivation of field 
crops on equal areas; it follows that, as regards the 
labour question, no lands required for field crops could 
be made available for forests. The latter must, in this 
respect, be restricted to surplus areas, as long as forest 
produce is obtainable at a reasonable rate from abroad. 
If, however, large numbers of pooplo aro in want of 
work, it would be a judicious measure to give them 
employment by afforesting available waste lands, a con- 
sideration which is of special importance to Ireland. 
With the exception of the duties performed by the 
administrative staff, the work connected with forest 
operations can be made to fit in with agricultural 
occupation, and tho small cultivator, especially in the 
poorer parts of tho country, can talco advantage of every 
spare day to cam a day’s wages by work in the forest, 
and so add to his income, which would be a substantial 
help - in enabling him to meet tho payment of rent, 
taxes, etc. As regards Ireland in particular, afforesta- 
tion would prove to he a useful auxiliary in solving 
the laud question, and through it, the ultimate restora- 
tion of poace and quietness in that country. 

3 ,4 
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4. Summary. 

In summing up, the following principal conclusions 
may be drawn in respect of Great Britain and' Ire- 
land. 

(1.) As the imports of wood and other forest produce 
are very great, and as it is doubtful whether 
sufficient supplies can be permanently obtained 
from other countries, the extension of the forest 
area can be strongly recommended, provided it 
is carried out on surplus lands. The additional 
wood lands may reasonably be expected to yield 
fair returns on the invested capital, if the work 
of creation and administration of the forests is 
done in an economic manner-. 

(2.) The surplus area in the United Kingdom is so 
great, that extensive areas can be set aside for 
forests, without trenching on the land required 
for field crops. 

(3.) The tendency of forests to reduce the temperature 
of the soil and the air, and to increase the relative 
humidity of the air and tho rainfall, is of sub- 
ordinate importance in these islands, as they 
are, owing to their geographical and sea-hound 
position, subject to influences, in comparison 
with which those of forests are small. 

(4.) The increase of the forest area will act very 
beneficially in reducing the effects of winds on 
adjoining lands under cultivation, and in afford- 
ing shelter to cattle and useful birds. 
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(5.) The extension of the area under forest mil pro- 
vide additional worlc, without interfering with 
existing sources of occupation. 

It will bo seen, that a fair field fox judicious enterprise 
exists in tho extension of the woodlands of Great Britain 
and Ireland on areas which do not yield a fair return if 
cultivated with field crops or used as deer and game 
preserves. 
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FORESTRY IN BRITISH EAST INDIA. 

It would be beyond the scope of tbis work to give 
bore n detailed account of all those points on which the 
general forest policy of India must depend. A few 
short notes on the physical configuration of the country 
and its climate are however indispensable before dealing 
with the forest question itself.'' 

India is a very largo country ; it extends from the 
8th to the 35th degree northern latitude, and from the 
67th to the 100th degree eastern longitude. Its length 
from north to south is 1920 miles and its greatest 
breadth 1900 miles, irrespective of the newly-acquired 
territory of TJppcr Burma. On the whole, India is of a 
triangular shape, the Himalayas forming the base on the 
north, while the southernmost point is Cape Comorin. 
The triangular peninsula has tho Arabian Sea on the 
west, the Indian Ocean on tho south, and, the Bay of 
Bengal on the east. Burma forms a separate strip of 
. land on the east of the Bay of Bengal. The total area 
of tho Indian Empire is given as 1,463,000 square 
' miles, or about twelve times that of the United Kingdom, 
and the population as 255,000,000, or seven limes that > 
of tho United Kingdom. 

- ' 

* Compare The Statistical Atlas of India, 1SSG, 
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1. Physical Configuration of the Country. 

The physical configuration, of India is very peculiar. 
Generally speaking, the country may he divided into 
three great sections : the Himalayas, the Indo-Gangotio 
plain and the Peninsula. 

The Himalayan range stands out like a high Avail on 
the north, separating India from tho high plateau of 
Thibet. It rims, commencing in tho west, first in a 
south-easterly and then in an easterly direction from ono 
end of India to tho other; both on the west and tho 
cast, other ranges run almost due north and south. 
The space within theso three ranges, and immediately 
to the south of the Himalayas, forms a broad belt of 
low land, commencing at Kurraclii on tho Arabian 
Sea, in the west, taking in the whole of Sind, the 
Punjab plains, the greater part of Pajputana, tho bTortli- 
Western Provinces, Oudli, Bchnr and Lower Bengal 
down to the Sundcrbuns beyond Calcutta, on the Bay 
of Bengal. In this belt of alluvial land, not moro tlian 
a few hundred feet above tho level of the sea, is found 
.dho bulk of tbc wealth of India. 

Proceeding across this belt of low land in a southerly 
direction, stiff escarpments are met, indicating tho 
commencement of the great highland plateau of the 
Indian Peninsula, which, at elevations varying from 
, 2000 to 8000 feet, extends to tho southern oxtremity 
of India. A section drawn from the Thibetan plateau 
in a south-westerly direction until it reaches the Indian 
Ocean at Travancorc, would present the shape given in 
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the subjoined sketch, except that the elevations have 
been exaggerated : — 



a =• Til* tall pUtcm, ru-Mi Jiovhl a turn! J 1,000 fetL 
b -nimnliy i*. nmtinutii 2(*,000 firt. 
r = Inilo jilaln, lirigiit ft ft* hnifJrf.1 fi't olwic the rci. 

il =.Ptmn«»|-i, Imj-lit nrnng from 2. 000 tfl £,000 feet 
t =Tho f*<L 

* sb Point* u litre tlie cloud* coming from tlic iramn't rise, tool imil drop 
tlieir taowtiire. 

The skclcli ranp on the next page gives an idea of the 
extent of each of the regions. 

The river system of India next claims attention. It 
is a curious fact, that India receives the drainage of both 
elopes of the Himalayas. At the back of that mountain 
chain two great rivers take their rise in close proximity 
of cadi other; both mn parallel to the Himalayas, tho 
one in a north-westerly and the other in an easterly 
direction. The former breaks, after some time, through 
tho Himalayas and emerges into the Punjab plain as 
tho Itivcr Indus, finding its way, through Sind, into the 
Arabian Sea. Tho second river, after running for 
hundreds of miles to tho north of the Himalayas, also 
breaks through that mountain cliain and appears in 
Upper Assam as tho Bramnputra, which proceeds down 
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I. Himalayan. III. dnnfica Plain. Y. Burma. 

II. Ihiliw Plain. IV. Peninsula VI. The Sea. 

YII.- Thibetan Plateau. 0. Mean annual Rainfall, in inches. 
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the Assam valley, through Lower Bengal, and joins the 
Ganges shortly before reaching the Bay of Bengal. 

The southern face of the Himalayas is drained, in 
its western part, by the five Punjab livers, which join 
the Indus. From Simla towards the cast, first the 
Jumna and Ganges, which join at Allahabad, emerge 
from the hills, and the Ganges takes in a series of 
streams which drain the southern slopes of the range from 
the North- Western Provinces to Bhootan. The drainage 
of the Peninsula is arranged in the following maimer: — 
The Ganges receives the drainage of the northern edge. 
Next two rivers, the Narbada and Tapti, run in close 
proximity into the Arabian Sea, while by far the greater 
portion of the plateau sends its water in an eastern 
direction into the Bay of Bengal. 

The two principal livers in Burma are the Irawadi 
and the Salwcin. 


2. Climate and Rainfall. 

Owing to the great extent of country included in 
India and the varying conditions prerailing in the several 
parts, it is impossible to speak of the climate of India ; 
it would bo more correct to speak of the “ climates ,” 
of which the following four types may here he in- 
dicated : — 

(1.) The climate of Tropical India. 

(2.) „ of North-Western India. 

(3.) „ of North-Eastern India. 

(4.) „ of the Himalayas. 
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Al) out one-half of the area of India, comprising the 
greater part of the Peninsula and Burma, is situated 
south of the tropic. These are the hottest parts of 
India, as far as the average of the whole year is con- 
cerned ; but the highest temperature is reached further 
north. The early arrival of tho summer monsoon rains 
mitigates the summer temperature in tropical India; 
on the other hand this region enjoys little or no cool 
season. 

The second type of climate is found to the north of 
the tropic in the diy and almost rainless plain of tho 
north-western corner of India, comprising the area 
which is traversed by tho River Indus. Here the 
highest summer temperaturo is found, due to a greater 
length of day and a later arrival of the summer monsoon 
rains, than in tropical India ; it is to some extent com- 
pensated for by four or five cool and even cold months 
during winter, representing at that time a climate 
which has been compared with a south Italian winter. 

The third type of climate is found in Assam and 
North-eastern Bengal. Here humidity of the air 
reigns supreme; although thero is a distinct summer and 
winter, in either case the extremes of temperature are 
, moderated by the effects of a relatively largo quantity 
of 'moisture in the atmosphere, which produces fogs 
in winter, and interferes in summer with the full effect 
of the sim’s rays on the land. 

^Finally the Himalayan mountains present, according 
to the elevation and position of each locality, a more or 
less temperate and even arctic climate, with frost, snow, 
sleet and ‘bitter winds in winter and a moderate heat in 
summer. 
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Between these four types any number of modifications 
are to be found. However large their number may be, 
and however much the various climates may differ, they 
are, apart from elevation, the result of a system of 
atmospherio changes, which are exceedingly simple and 
regular. The main-spring of tlio Indian climates is the 
fact, that the extensive plains and table lands of India 
are in spring and summer heated to a much higher 
degree than the surrounding sea ; while during winter 
the air overlying the son is warmer than that over tho 
land, from which at that season of the year more heat radi- 
ates than it receives from tho sun. The results are sea 
breezes during summer and land breezes during winter. 

It will bo useful to enter somewhat more into the 
details of these phenomena. In spring, which shall 
hero comprise the months of March, April and May, 
tho highest temperature is found over the centre of 
the Peninsula (Nagpur, Hyderabad), while it falls as 
much as 5 to 10 degrees in proceeding towards the sea 
on the east and west, and about 10 degrees proceeding 
to the foot of the Himalayas or to the Punjab plain. 
Tho effect is, that tho air over the centre of the Penin- 
sula expands, lifts ilic higher layers of air, causes them 
to flow away on all sides, and produces a centre of com- 
paratively low pressure. Into this centre presses the 
heavier atmosphere from the surrounding country, es- 
pecially from the sea, causing the sea breezes so charac- 
teristic of the spring months. 

Theso air currents deviate however from their original 
course in consequence of the law that everything moving 
on the northern hemisphere presses towards the right. 
The consequence is, that the winds v,'hich hit the Madras 
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coast arc mostly soutli-easterly breezes, those which hit 
the southern half of the west coast have a south-westerly 
direction, while those which hit the land to the north 
of Bombay assume gradually a more and more north- 
westerly direction. These phenomena have the result, 
that Madras and the southern part of Bombay are 
passed over by moist sea winds, which drop a portion 
of their moisture, producing a rainfall of from 3 to 
6 inches during this period. The above-mentioned 
north-westerly breezes, however, descend from the 
table land of Baluchistan; they are dry and become 
more so in passing over the heated plains of Sind, 
Outch and Kathiawar. These are the breezes which 
are laaown as the hot winds in the Bombay Presidency, 
in Korth- Western and Central India. At times they 
find their way as far as Bengal and Orissa, and far 
down into the Peninsula. 

Up to May the sea winds are light, and they bring 
only a moderate amount of rain, as the air is then 
drawn chiefly from the sea immediately surrounding 
the Peninsula. With the advancing season towards the 
end of May, the winds become stronger and stronger, 
bringing more and more rain, until, in tho course of 
three or four weeks, they have invaded the whole of 
the west coast of India and the northern and eastern 
coasts of tho Bay of Bengal, an event winch is known 
as the burst of the Monsoon. Wow the air is drawn 
from more distant equatorial regions, tho great reser- 
voir of moist air. 

The strength of -the Monsoon rains differs enormously 
in different parts of Lidia ; it depends on the configura- 
tion ' of the country and the extent to which the sea 
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breezes succeed in overcoming and pushing back the 
north-westerly air currents. Tho Monsoon winds enter 
the Bay of Bengal from the south-west and thej T Btriko 
against the coast of Tcnnsserim in full force, rise, and 
pour out a copious rainfall. This holds good in a vary- 
ing degree aloug the coast of Burma, in Chittagong, 
Caehnr, and Assam. Along this lino the rain-clouds 
meet with hill ranges at moderate distances from the 
shore, which cause them to rise and drop their moisture, 
while Lower Bengal receives a somewhat smaller rain- 
fall. After passing through Lower Bengal and on 
approaching the Himalayan chain, that mountain-range 
opposes itself to the course of the current and divides 
it into two parts. The larger part continues its north- 
easterly course and hits full on the Garo, Ehasi and 
Kaga hills, producing the highest rainfall in the “world 
(upwards of 500 inches at Chorrapunji), and finally 
giving a considerable rainfall to the Assam valley. Tho 
smaller part of the divided current is diverted towards 
tho north-west and west, sweeps, and plentifully waters 
the face of the mountains and spreads a certain amount 
of rain over flic plains of the Norfh-'W'estem Provinces 
and Oudh. Here then tho summer Monsoon comes from 
flic cast, hut it is occasionally displaced by a westerly or 
north-westerly current, when a shorter or longer 
suspension of the rainfall occurs, a phenomenon which 
will again be referred to. 

f 

On the west coast of the Peninsula tho Monsoon blows 
directly athwart tho coast line. As the western part of 
tho Peninsula rises very rapidly from the sea to an 
elevation of up to 8000 -feet at tho Ghat range, the 
clouds are forced to rise, to cool and to drop an 
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enormous amount of rain. At tlie same time the 
■western edge of the peninsular plateau is its highest 
part, and the clouds, or what remains of them, having 
overcome this, descend again in their easterly progress, 
and the rainfall diminishes rapidly on the eastern side 
of the Ghats to about one-sixth of that on the western 
slopes; this extends over a strip of 100 to 200 miles in 
breadth, and comprises part of the Deccan, tho Mysore 
table land, and tho Carnatic, areas which aro most 
subject to drought. 

Between the easterly course of the Peninsular 
Monsoon and the westerly cotu’so of the wind which, 
diverted by the Himalayas, rushes up tho Gangetic 
plain, lies a broad bell of debatable ground, comprising 
part of the Central India Slates, the Satpura Range, the 
greater part of tho Central Provinces, the table-land of 
Ohutia Hagpur, Orissa, and Western Bengal. In this 
broad belt the rain-fall is higher than to tho south or 
north-west of it, chiefly becauso numerous storms, gene- 
rated near the coast of Bongnl, travol along it from 
east to west, their passage being accompanied by heavy 
min. 

Tho country which lies to the north-west of this bolt 
is, again, under tho effect of the western branch of the 
Monsoon ; part of Hub passes tlirough Gujarat, Raj- 
putana, Cutoh, and Sind, towards the Punjab, whero it 
disgorges varying quantities of rain according to the 
configuration of tho country. On the whole, however, 
the strong air-current from tho west and north-west be- 
comes more and more dry on proceeding north, as it no 
longer 'comes from the , ocean, but successively from 
Arabia, Persia, Baluchistan, and Afghanislan; hence 
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the rainfall decreases most rapidly on proceeding north 
from Bombay. 

As long as the sea winds are sufficiently strong to 
keep in check and even force back the north-westerly 
winds during summer, all is well ; but every now and 
then the reverse is the case, that is to say, the north- , 
west wind forces back the sea winds, and proceeds 
further and further east and south-east into the hTorth- 
Western Provinces, Behar, and even Bengal and Orissa, 
or it forces its way down into the Peninsula. If it 
keeps its sway over the sea winds for some period, a 
failure of the Monsoon rains is the Consequence, an event 
which is followed by scarcity or famine. 

The copious watering of the surface of the land, in its 
turn, reduces the temperature, so that in some parts of the 
country the rainy season is actually the coolest time of 
the year. Indeed the reduction is almost proportionate 
to the rainfall. Hence, parts which receive little or no 
rain, as Sind, Western Bajputana, the southern part 
of the Punjab, and also the Carnatic, show the highest 
temperature during summer. On the other hand, the 
temperature of Assam is comparatively little affected, 
because here rain falls copiously even in spring. 

In September the Monsoon commences to decline, but 
in Bengal and Burma the rains last well into October. 

In the beginning of the latter month the winds in the 
western part of the Bay of Bengal begin to blow from 
the north-east, and now for the first time the hitherto 
scantily-watered Carnatic receives a copious rainfall; 
these rains go on until December, when they gradually 
move southwards to Ceylon. They arc followed by a 
' dry steady north-east wind which gradually extends 
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oyer the whole Bay of Bengal, and is known as the 
north-east Monsoon. An easterly wind takes at that 
period possession of the Arabian Sea. 

Meanwhile in Northern India the temperature, after a 
temporary slight rise on the cessation of the rains, has 
fallen rapidly during November and December, pro- 
ducing a cool air and cloudless skies. About the end 
of the year clouds begin to gather on mountain-peaks, 
warmer 'breezes from the south set in, the skies become 
overcast, followed by a fall of rain, or snow on the hills. 
Such winter rains are most frequent in the Punjab and 
the North-Western Himalayas, but occasionally they 
extend also to Bengal, Bajputana, and Central India. 
They become more frequent in January, February, and 
March. And then a new round of seasons sets in. 

It is almost impossible to give in a limited space an 
adequate idea of the endless differences in the climate 
and rainfall. By way of illustration, the following 
table is added, in which a series of main groups have 
been formed. More detailed data must be looked for 
in the Reports of the Meteorological Reporter to the 
Government of India, from which the subjoined table 
has been compiled : — 
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ABSTRACT SHOWING- THE CLIMATE AND 


Spelvo = J lurch, April, May, 
Suanimt = June, July. Avgntt. 


Region 

Twttwmp, i 

n Deorfes rXlinMlMT. 


Spring 

Summer. 

Autumn 

Winter. 

Tear : 

Himalayas . 

59 

71 

58 

42 

58 

Indus Plain . . 

83 

90 

77 

60 

77 

West Gangetic 

Plain 

! 

84 

87 

77 

62 

78 

EnstGangeticPlain 
and Assam . . 

80 

83 

78 

65 

77 

Peninsula: North- 
ern Edge . 

82 

80 

73 

62 j 

74 

Peninsula : West 
Coast and Ghats 

78 

74 

74 

72 

75 

Peninsula: Centre 

S8 

* S2 

77 

73 

SO 

Peninsula : East 
Coast 

85' 

j 

85 

81 

77 

82 

Burma . . . 

83 

79 

79 

73 

79 

Bay Islands . 

82 

1 

80 

80 

79 

80 
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RAINFALL OF THE DIFFERENT PARTS OF INDIA. 


Autumn = September, October, November. 
Winter = December, January, February. 
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3. Distribution of Forests. 

If sueli evidence, as is now available, can be relied on, 
the greater part of India was in former times covered 
with dense forests. In those days the country was pro- 
bably moic fruitful and the climate less fierce than now. 
In the fourth century Fa-Hian, the great Chinese 
traveller, described the climate as neither hot nor 
cold. Subsequently, settlers opened out the country 
along fertile valleys and streams, but the destruction of 
the forests on a larger scale was dono by Isomadic 
tribes, which, moving from pasture to pasture, fired 
alike hills and plains wherever they went. This lasted 
for more than 750 years. 'With the advent of British 
rule, the destruction of the forests became more fierce 
than ever. The order of the day then became “ exten- 
sion of cultivation at the cost of the still existing 
forests,” a process which was carried out for many 
years, without any enquiry as to the ultimate effeots. 
To this was gradually added an , increasing demand 
for timber and pasture for rapidly multiplying herds 
of cattle, which roamed far and wide over the re- 
maining forests. To crown tire edifice, Railways then 
came, and with their extension the forests disappeared 
with greater rapidity than ever, partly on account of 
the increased demands for timber and firewood used in 
construction, and partly on account of the fresh impetus 
given to cultivation on both sides of the lines. 

Ultimately, when failures to meet the demands for 
public works were brought to notice, it was recognized 
that a grievous mistake ^kqd been made, in .allowing the 
forests to be recklessly destroyed. First, 'half-hearted 
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measures were adopted to stop the mischief, and when 
their insufficiency was recognized, a special State De- 
partment was organized to grapple with the existing 
evil. This event took place about thirty years ago. 

The first duty of the new Department was to ascertain 
the extent of the remaining forests, and more especially 
that portion of thorn which was still the property of the 
State. India is a country of extremes as far as climate 
and rainfall are concerned. The latter more especially 
governs the natural distribution of the forests. "While 
Jacobs bad, in Sind, has a rainfall of 4 inches a year, 
Cherrapunji, in the Ehasi Hills, can boast of a fall 
exceoding 500 inches a year. Where rainfall and 
temperaturo are favourable, the reproductive power of the 
forests is great ; where they arc unfavourable, reproduc- 
tion proceeds only at a slow rate. During the long con- 
tinued struggle between human action and the effort of 
self-preservation on the part of the forests, the latter 
succumbed wherever the climatic conditions were un- 
favourable ; hence, what remained of forests thirty years 
ago, was situated in the localities with a heavy rainfall, 
or where a scanty population had carried on only a 
feeble warfare against the woodlands. 

Again, the nature of the rainfall governs the character 
of the forests. Where the Monsoon rains are heavy, the 
country is generally covered with evergreen forests ; 
where the rainfall is less copious, the forests are 
deciduous; under a still smaller rainfall, the forests 
become sparse and more dry, and gradually eud in 
deserts. Thus the evergreen' forests are found along 
the moist coast of the Peninsula, In' the coast districts 
"of Burma and Chittagong, and aloiig the foot and lower 
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slopes of file eastern. Himalayas. The deciduous forests 
occupy the greater part of the Peninsula, and of Burma 
away from the coast ; they are the home of the Teak, 
Sal, Sandal-wood, Red Sanders, Iron-wood, Padouk, and 
others. Dry forests are found in Rajputana and the 
Punjab, and they gradually disappear in the deserts of 
Sind. 

With rising elevation in the hills, more especially in 
the Himalayas, the forests become gradually temperate 
and then alpine. The other extreme are the tidal forests 
found along the greater part of the coast of India and in 
the deltas of the rivers. 


4. Area of Forests. 

India is not all British territory j a large portion 
belongs to native rulers. Apart from the newly acquired 
territory in Upper Burma, the total area is divided in 
the following manner : — 


— 

Area In Square 
Mite 

refutation. 

tten&lt} or Popula- 
tion per Square 
Mile 

British Territory 

Nativo States . . 

- Total 

012,000 

051,000 

202,000,000 

53,000,000 

210 * 

S7 

1,403,000 

255,000,000 

176 


These are vast areas. Nevertheless, a considerable 
amount of statistics has been collected in the British 
territory, but less is known regarding the forest areas 
in the Native States. On the whole it maj 1- bo said, 
that about 25 per cent, of the British territory is 
covered with forest of some kind, and tho same propor- 
tion may perhaps hold good as regnrdsthe Native States. 
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"With, a few exceptions little or no control has hitherto 
been exercised over the forests in the latter States. In 
British territory about half the forest area belongs to the 
State, and the other half to private persons. The State 
control over the latter is at present nil or nominal. 

The management of the State forests has undergone a 
great change during the last thirty years. Of the total 
area of Government forests, which may perhaps amount 
to some 70,000,000 of acres, 55,000,000 have been 
brought under the control of the Forest Department. 
Of this area 33,000,000 are so-called reserved State 
forests, that is to say, areas which, under the existing 
forest law, have been set asido as permanent forest 
estates, while the remaining 22,000,000 are either pro- 
tected or so-called unclassed State forests. These areas 
together comprise about II por cent, of tho total area 
of the provinces in which they are situated. Bather 
more than half the area, or about 6 per cent., are strictly 
preserved and systematically managed forests. Tho 
other 5 per cent, enjoy as yet only a limited protection, 
but it rests with tho State to perfect that control at 
any time, as far as existing rights allow of thiB being 
done. 

The subjoined table gives the details for the several 
provinces. Similar data for Upper Burma are not yet 
available, but that province is known to contain very 
extensive and valuable Teak forests : — , 
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6. Forest Policy in India, 

In former times certain forests were carefully pro- 
tected ns game preserves for the pleasure of kings* 
princes, aud great nobles. These areas were of small 
extent when compared ■with the area of the country. 
The idea of preserving forests for the supply of timber, 
fuel and other forest prodttcc, or on account of their 
indirect effects on climate, rainfall, the regulation of 
moisture, the stability of tbe soil on sloping ground, etc., 
is of modem origin, as has already been pointed out 
above, tinder the policy of the Government of India, 
as developed during tho Inst twenty-five years, an area 
equal to 11 per cent, of the total area of the country 
has been placed under State management, and the 
question arises, whether the Government of India has 
gone too far in tliis matter, or not far enough, and if 
„thc! latter, what further stops should he taken, 
t It would lead too far to discuss this question hero in 
&11 its details, hut the main issues may he shortly touched 
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upon. It is necessary, then, to consider cliicfly the 
. following points : — 

(it.) Forests in relation to Climate and Rainfall. 

(b.) The Regulation of Moisture. 

(c.) Forest Produce required by the Country. 


a. Forests in Relation to Climate and Rainfall. 


The relation between forests and the climato and 


rainfall of India is of a very peculiar nature. On tlio 
one hand, a covoring of forest vegetation reduces the 
temperature of the air and soil, increases the relative 
humidity, and tends to increase the rainfall, while on 
the other hand the exceptionally high temperature 
which prevails in spring and early summer over the 
centre of the Indian peninsula brings about the summer 
Monsoon rains, on which the welfare of India depends. 
In other words, extensive afforestation might increase 
tho quantity, of loealfy formed clouds and produce local 
rainfalls, but it might also weaken tho force of the 
south-west Monsoon winds and consequently the accom- 
panying rainfall. It is perhaps difficult to say what the 
ultimate effect of a general afforestation might be, but 
it may reasonably bo assumed that the effects of forests, 
however extensive, are not likely to produce a quautity 
■of rain, which would make up for any weakening of tho 
south-west Monsoon. As a matter of fact, however, 
more than half tho area of Madras, Bombay, tho 
Xorth-'W estern Provinces, and Bengal is under cultiva- 


tion, and a considerable additional area has been appro- 
priated as grazing grounds, so that not more than ono- 
fourth could remain under forest, an area, which may bo 
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sufficient to moderate the temperature locally, but vliicli 
is not likely to interfere with the advent of the annual 
south-west Monsoon. The latter must for ever be the 
main som-co of moisture in India. Apart, however, 
from tlicso theoretical speculations, it lias yet to he 
proved, whether afforestation in low or level lands 
affects tlio rainfall at all. The extensive observations 
mado of lato years in Europe, Lave not yet led to any 
final conclusions, and those carried out in India have 
not extended over a sufficient number of years to permit 
of any conclusions at all. In India tlireo eases of 
evidence have been mentioned * : — First, a steadily 
increasing rainfall in the southern half of the Central 
Provinces, since 1S7S, when temporary cultivation 
was stopped, and lire protection on a large scale 
introduced into the extensive forests of that region; 
secondly, the result of observations mado nt two parallel 
stations established in tho Eclirn Dim ; thirdly, the 
abnormally large rainfall in tbc Ghnnga Manga planta- 
tion in tbe Punjab. In each of these three cases tho 
presence of a dense forest growth Fcems to accompany 
an increased rainfall, but there are substantial reasons 
why a final conclusion does not seem justified. 

In tho case of the Central Provinces it has been 
shown that the rainfall in and around the forest reserves 
has increased since IS75 by about 20 per cent., as com- 
pared with the ton years previous to 1S75. Against 
this can bo brought forward : — 

(1.) Some of the stations in the very centra of tho 
forest reserves show a comparatively small increase. 

' Cainpnre a jiap^r read 1 tfora the Asiatic Society ol llengnl on the 
2nd rebrnary, ISS7, by Mr. Horny 13Inufotd, F.B.S , Meteorological Reporter 
to the Government or Jndn. 
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(2.) Soveral of the stations which sliow a specially 

large increase are either situated far from the reserves, 

. or in their vicinity little forest conservancy has "been 
♦ 

eftocted. 

(3.) The general rainfall of India, as represented by 
the meteorological returns, shows a steady progressive 
increase since 1875, though not so great as that in the 
Central Provinces. 

(4.) It has been officially announced, quite lately, that 
the returns from the Central Provinces beforo 1875 are 
not reliable, and that in many cases new and more accu- 
rate instruments have been introduced during the period 
over which the observations extend. 

(5.) On the whole it is not likely that the rainfall of 
India generally has increased since 1875 ; it is much 
more probable that the apparent increase is due to pro- 
gressively more accurate and complete observations, an 
improvement which may have been specially rapid in 
the Central Provinces. 

Tho two years’ observations made in the Dchra Dun 
parallel stations (one inside and one outside the forest) 
indicate an increased rainfall in the forest, but the period 
of observation is much too short to admit of any conclu- 
sion being drawn at present. 

The excess of rainfall noticed in the Changa Manga 
plantation over that recorded at outside stations, amounts 
to 6 per cent. In how far this is duo to tho presence 
of the forest, or to the fact that tho area is regularly 
irrigated, it is difficult to say. 

On tho whole there can bo no doubt that, even under 
the most favourable circumstances, tho climate and rain- 
fall of the Indian plains are subject to other influences, 
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compared with which the effect of a limited forest area 
must always he very small. At tho same time it need 
scarcely ho mentioned how gratefully the shade and 
shelter of forests will be accepted hy man and beast in 
a country as hot as India. 

b. Regulation of Moisture. 

It will easily be understood that the regulation and 
proper husbanding of the available moisture must be of 
great importance. As far as forest vegetation assists, 
in this, the subject must bo considered chiefly from two 
points of view : — 

(1.) In respect of the evaporation of moisture ; and 

(2.) In respect of the mechanical action of forests. 

The difference in evaporation from an area exposed 
to tho full effects of the sun, and another sheltered 
hy a dense growth of forest vegetation, must be much 
greater in a tropical country like India, than it has 
been proved to be in a temperate climate. Hence tho 
presence of forests must act highly beneficially wherever 
the rainfall is limited, or unfavourably distributed over 
the seasons of tho year J in other words, especially in 
the Indus and "West-Gnngctic plain and in the driei 
parts of tho Peninsula. 

There is, however, a 'second way in which forest 
vegetation acts most favourably, namely, as a help towards 
successful irrigation. Of the 199,o00,000 acres which 
are cultivated annually in India, no less than 30,000,000 
acres are artificially watered either by canals, or from 
wells, lakes, and tanks. Some of the canals are fed 
with water derived from the enormous snow fields of 
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tlie Himalayas, and the rest with -water -which comes 
from other sources. Accordingly the irrigated area may 
he classified as follows : — 

Area irrigated from snow-fed canals 3,000,000 acres. 

„ „ „ other canals . 5,000,000 „ 

„ „ „ wells . . 13,000,000 „ 

„ „ „ other sources . 9,000,000 „ 

Total . . . 30,000,000 „ 

Only 3,000,000 acres, equal to 10 per cent, of the 
total irrigated area, rely directly on the molted snow of 
the Himalayas. Of the 13 million acres irrigated hy well- 
water, 10Jj millions are situated in the Indo-Gangotic 
plain. The wells in this plain may be said to tap great 
underground reservoirs underlying the plain. Part of 
this water may come from melted snow, but the greater 
portion consists no doubt of tho rain water which sinks 
into the ground. 

Tho remaining 1GJ millions of acres derive their 
water from the rain which falls on the heated surface 
of low lands and moderately high hills. The larger the 
proportion of the catchment areas, whence this irrigation 
water comes, which is shaded by forest vegeta ti&n, the more 
favourable and sustained will be tho supply of water. 
.Here then is a mission which forestry in India has to f ulfil . 

The mechanical action of forest vegetation on sloping 
ground, also, is not without importance in India. There 
is sufficient evidence to show what careless or injudicious 
clearing of forests may do. Anyone who has ever stood, 
' on the hills behind Hmshiarpur in tho Punjab, and 
looked down npon the plain stretched out towards the 
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south-west, has earned away an impression which he is 
not likely to forget. In that part the Siwalilc range 
consists of an exceedingly friable rook, looking almost 
like sand baked together. Formerly, the range was 
covered with a growth of forest vegetation, but a 
number of years ago cattle owners settled in it, and 
under the combined attacks of man, cows, sheep, and 
goats, the natural growth disappeared, while the tread 
of the beasts tended to loosen the soil. The annual 
iVIonsoon rains, though not heavy, soon commenced a 
process of erosion, and of carrying away the surface 
soil. Gradually small, and then large ravines and 
torrents were formed, which have torn the hill range into 
the most fantastic shapes, while the dibris has been 
carried into the plains, forming, commencing at the 
places where the torrents emerge into the plain, fan- 
shaped accumulations of sand, which reach for miles into 
the plain, and which have already covered and rendered 
sterile extensive areas of formerly fertile fields. Indeed, 
one of these currents or drifts of sand has actually 
carried away a portion of the town of Hushiaipur. 
The evil has by no means reached its maximum extent,* 
and if curative measures are not adopted at an early 
date, the progress of transporting the hill range into 
the plain will go on, until tho greater part of the fertile 
plain stretching away from its foot has been rendered 
sterile. To cure the evil, it is necessary to stop grazing, 
at any rate that of goats and sheep, so as to allow the 
hills to re-clothe themselves with a covering of plants, 
shrubs, and trees, and to help by artificial sowing and 
planting wherever required. 

* Sec 'Baden Powell’s pamphlet. 
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Although the caso of the Etushiarpur Chos, as they are 
called, is the worst of its kind in India, there are other 
instances which prove that afforestation is essential 
on hill sides, wherever the rock is friable and liable 
to be carried away by the continued action of water. It 
would, however, be a mistake to assume that every hill 
slope requires to be under forest. Over considerable 
areas the rook is firm, and capable of holding its own 
without the steadying help of a growth of forest 
vegetation. 


c. Forest Produce required in India. 

Although India has an extensive sea-board, along 
which forest produce can be landed, it does not derive so 
much benefit from this fact as might be assumed at first 
sight, because it is such a vast country. The distance 
between the sea-shore and the places of consumption in 
the interior of the country amounts frequently to many 
hundred miles ; railways are not as common as they aro in 
England, and forest produce is a bulky article ; hence 
only the coast districts would profit by the more or- 
dinary classes of imported forest produce, even if they 
could be brought in sufficient quantities from other 
countries. Apart, however, from a certain number of 
railway sleepers and a limited quantity of timber, such 
produce from other countries is not available. By far 
the greater part of India must rely on the timber and 
fuel produced in the country. 

The iron industry of India is at present almost nil,, so 
that the bulk of iron and steel is imported ; hence their 
use is much more restricted than in England, timber 
being, as a rule, used in their place. Although oon- 
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ridcxnble bed** of coal exist in tho country, they arc 
very inconveniontlj* bituntod, so tliat coal is at present 
chiefly used for industrial purposes ; and certain railway 
lines even now use wood in flic engines, owing to the 
high price of coal in consequence of the long haulage. 

All tho teuning millions of India use wood fuel in 
their domestic firing, and, if sueli is not available, dried 
cow-dung. Their using coal is out of tho question for a 
long period to come, even if it was available, because 
tlic ordinaxy Indian cxiltivntor has neither tho necessary 
firing arrangements, nor could ho afford to pay for the coal. 

For domestic firing, India requires to maintain enor- 
mous areas under wood, which will be more than doubled 
if the annual rcqxiiremcnts of timber for construction, 
boat-building, tools, agricultural implements, pxiblic 
works, railways, etc., am added. Judging by the 
standard with which eontinentally situated countries 
in Europe funxieli us, it may safely he estimated that 
India should permanently maintain a forest area equnl 
to lxttlf an acre per head of population, or, in n round 
figuro, 100,000,000 acres in tho British provinces, in 
order to secure a sufficient quantity of timber and fire- 
wood. That area would he equivalent to 17 per cent, 
tho total area of tho British provinces. 

Apart from timber and firewood, tlio Indian forests 
have to snpply a great variety of other, or minor, 
produce, and in many instances forests must be main- 
tained for tlieir indirect advantages, so that tlic mini- 
mum forest area may perhaps bo estimated at 20 per 
cent of the total area.* 

* Russia and Sweden liavc 42 per rent. ; Anstna proper, S3 : Hungary, 28 
percent. ; Germany, 26 per cent. ; Norway, 25 per cant. , IUly, 22 per cent.; 
Franco. 1G pcr-cent. 
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d. Conclusion. 

His tory has proved that the preservation of an ap- 
propriate percontago of the area as forests cannot be left 
to private enterprise in India, so that forest conser- 
vancy in that country has for some time past been 
regarded as a duty of the State. Special fullest laws 
have been passed under which about 6 per cent, of tlio 
total area have been brought under efficient conser- 
vancy, while another 5 per cent, receive a certain 
amount of protection; all these lands are Government 
forost estates. Interference with private forests always 
has met and always will meet Avith great difficulties, so 
that such interference should bo restricted to cases of 
absolute necessity. Although it is not necessary to 
acquire as State forests tho Avhole of the required 20 
per cent, of the total area, it seems highly desirable, 
that at least half that area, or say 50,000,000 acres, 
should be constituted permanent forest estates and 
managed in a systematic manner. It rests Avith the 
Government of India to do this, by increasing tho area 
of the already constituted forest reserves from S3 to 
50 millions of acres, an area which is less than one-tliird 
of the total area of forests and wasto lands, which is 
still the property of Government. 

In carrying out such a policy special attempts should 
be made to raise the area of permanent State forests in 
those proAdnces, Avherc the percentage is as yot small, 
more especially in tho Punjab, North-'VTostom Provinces, 
Burma, Madras, and Bengal. In most of these pro- 
vinces, tho necessary areas arc available. Owing to the 
permanent settlement in Bengal it will not be possible to 
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create a sufficient area of State forests in that province, 
except by acquiring additional lands. 

So far the Government of India has good roason to 
bo satisfied frith the financial results of its forest 
administration. The net revenue, after meeting nil 
expenses of the Department, has been as follows since 
1864, the 3 r ear in which the Department was first 
established os a general State Department : 

£ 


1864 

to 

67, 

average 

annual net 

1867 

to 

72 

33 

33 

33 

1872 

to 

77 

3 ' 

33 

3 » 

1877 

to 

82 

33 

33 

33 

1882 

to 

87 

33 

33 

33 


revenue =106,615. 
„ =133,029. 

„ =212,919. 

„ =243,792. 

„ =384,752. 


The annual not revenue during tlic period 1882 — 87 
was nearly four times that of the period 1864 — 67, and 
tho increase is going on frith undiminished rapidity. 
There is little doubt, if any, that 25 years hence the 
net surplus will be four times the present amount if the 
Government of India perseveres in its forest policy os 
developed in the past. Indeed it would not- be going 
too far to say, that tho increasing forest revenue bids 
fair to become a substantial set-off against the oxpected 
loss of the Opium revenue, a loss which may occur some 
day. 

This is tho legacy left to tho Treasury of tho Indian 
Empire by the men who directed its forest policy during 
the last 25 years. 
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INTRODUCTION. 


Sylviculture means tho culture of forests, that is to 
say, all measures connected with the creation, preserva- 
tion, and treatment of forests. In practice, however, the 
word Forestry is used to express and comprise all this, 
while under Sylviculture is understood tho creation, 
regeneration, and tending of forests, or woods, until 
they become ripe for the axe. Sylviculture, as here 
defined, teaches how a forest, or wood, can be produced, 
so as to realize, in the most advantageous manner, the 
object for which it is created. 

Tho object for which a particular forest is maintained 
depends on the will and pleasure of the owner, in so far 
as his freedom of action is not limited by rights of third 
persons, or by legal enactments. Tho object itsolf can 
be one of many, and of those the following may be 
mentioned by way of illustration : — 

(1.) To yield prodnee of a definite description, for 
instance trees and shrubs of special beauty, or trees 
giving a certain hind of timbor, or other produce fit 
for particular purposes. . 

(2.) To produce tho greatest possible quantity of 
wood, or other produce, per acre and year. 

(3.) To produce tho highest possible inonej' return 
per acre and year. 

(4.) To produce the highest possible interest on the 
invested capital. t 
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(5.) To produce certain indirect effeots ; for instance 
to influence the climate, to regulate the drainage of the 
country, to prevent landslips, avalanches, etc. 

In each of these and other cases, the- particular species 
of treo to he grown and the mothod of treatment are 
likely to differ, and it is the business of the Forester to 
select those species and methods which realize the object 
of management most fully and in the most economic 
manner. More especially, the Forester must always con- 
sider what effect the species and the selected method of 
treatment arc likely to have on the proporty, Und ho must 
remember that, any exceptional strain put upon the soil 
for more than a limited period in order to realize an 
exceptional effect must be followed by a corresponding 
period of relaxation. Unless this is secured, the soil, in 
the majority of cases, will deteriorate, and it may ulti- 
mately become absolutely sterile. Such an exceptional 
strain may suit the special requirements of a particular 
owner, but is not in the interest of the general commu- 
nity. Political Economy teaches, that the correct mode 
of procedure points to tho careful preservation of the J 
productive powers (or factors) of any given locality, so 
as to render possiblo the production of the same effect, 
or even an increased one, regularly and indefinitely. 

Science and experience show that in Forestry the safest 
method of preserving the productive powers of a locality 
consists in maintaining rmintermptedly a crop of forest 
vegetation on the area. The more frequently and the 
longer the ground is uncovered and exposed to the full 
effects of sun and air currents, the more, in the majority of 
cases, is the productive power liable to be reduced. The 
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justification of this theory will he found in the first 
■chapter of this Part of the Manual. 

The natural forest vegetation of the various parts of 
the earth consists of a large number of species of trees 
and shrubs, each of which has its peculiar mode of 
growth, and thrives best under certain conditions. Only 
certain species of trees possess the faculty of forming by 
themselves healthy and flourishing woods, while others 
will only obtain perfection if they are mixed with 
the former. Species are called 11 ruling 11 or “ dependent 
according to whether they belong to the first or second 
category. Owing to the great number of species, and 
the over-changing conditions in different parts of the 
earth, it would be altogether impracticable to deal with 
all in a hook which has for its object to teach the 
theory of Sylviculture. The fundamental principles of 
Sylviculture hold good all over the world, hut the illus- 
trations must he taken from a limited area. In the 
present volume they will be taken from the timber trees 
■ordinarily growing in "Western Europo on the 50th 
degree of northern latitude, and the countries immedi- 
ately to Iho north and south of it. If the more impor- 
tant species of timber trees growing in that region are 
classified in accordance with what has been said above, 
the following lists are obtained : — 


Ruling Species. 

Decidedly Ruling. — Spruce, Silver Eir, Beech, Scotch 
Pine. „ . . - t 

Conditionally Ruling. — Oak, Larch, Common Alder, 
Birch, Willow. 
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Dependent Species. 

Of these may he mentioned : Ash, Maple, Sycamore, 
Sweet Chestnut, Hornbeam, Aspen, Elm, Lime, 
White Alder, Weymouth Pine, Black Pine, Cem- 
bran Pine, Mountain Pine, etc. 

Although the biological characteristics of these and 
other species have been carefully studied for many years 
past, the subject has been by no means exhausted, because 
the factors which affect the growth of trees vary con- 
stantly, and moreover some of these factors arc as yet 
imperfectly understood. The experience which has been 
gathered will be found in the succeeding chapters. It 
is that experience which must guide the Forester in the 
selection of the species for a particular locality, and of 
the subsequent method of treatment. 

The subjects which claim attention will ho dealt with 
in the following four chapters : — 

Chapter I. — Locality nr Relation to Forest 
Vegetation. 

„ II. — The Development of Forest Trees. 

„ III. — Character and Composition or Woods. 

„ IV. — The Sylvicultural Systems. 

These are matters which govern all forest operations, 
not only the creation, regeneration, and tending of 
woods, hut also the determination of the yield, the pre- 
paration of working plans, and the ultimate utilization 
of the forest produce j hence it seemed justifiable to 
place them together in a separate part, instead of in 
the next volume, which deals with the Creation, Be- 
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generation, and Tending of "Woods, or Sylviculture 
proper. 

The works which were chiefly used in the preparation 
of this Part are : — 

(1.) Hartig, “Lehrbuck fur Forster,” first volume, 
11th edition, 1877. 

(2.) Heyer, “Dor Waldbau,” 3rd edition, 1878. 

(3.) Gayer, “ Der Waldbau,” 2nd edition, 1882. 

The u Encyklopiidio hy Itess, part 2,” camo to hand 
after this part had been written ; it has been utilized in 
a few cases, in revising fho manuscript. 

Boppc’s “Traitd dc Sylviculture” wns received too 
late to be utilized on this occasion. 



CHAPTER 1. 


LOCALITY IN RELATION TO TOEEST VEGETATION. 

When a plant germinates on the surface of the earth, 
it sends its roots into the soil, and its stem into the air. 
The soil, assisted by the subsoil, provides to the plant 
the means of stability and nourishment ; the atmosphere 
overlying the soil furnishes certain nourishing substances, 
heat, light, and moisture. Hence soil, including subsoil, 
and atmosphere are the media -which act upon forest 
vegetation, and they together are in Sylviculture called 
the “locality.” The active agencies, or factors, of the 
locality depend on the nature of the soil and the climate. 
the latter being governed by the situation. The sum 
total of these factors represents the quality or yield 
capacity of the locality. The forester requires to be 
well acquainted with the manner in which soil and 
climate act on forest vegetation, in order to decide in 
each case which species and method of treatment are best 
* adapted, under a given set of conditions, to yield the 
most favourable results. The detailed consideration of 
the laws which govern this branch of Forestry finds a 
place in the auxiliary sciences, such as Physics, Chemis- 
try, Mineralogy, Geology, and Climatology. The subject 
is, however, of such importance, that an enumeration of 
the more important points appears justified, before pro- 
ceeding to explain their effect on forest vegetation. 
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Accordingly this chapter hns been divided into tho 
following sections : — 

Section I. — The Atmosphere. 

„ JI. — Climate. 

„ III.— Soil. 

,, IV. — Effect of tlio Soil on Forest Vegetation. 

„ V- — Effect of Forest Vegetation on the 

Locality. 

,, VI. — Assessment of the Quality of the 

Locality. 


Section I. — Tm: Atmosphere. 

The earth is surrounded hy n column of clastic airy 
bodies, which moves with it, and which is called the 
atmosphere. Owing to tho weight of its component 
part^, the atmosphere is densest close to the .surface of 
the earth, and it becomes thinner with increasing dis- 
tance from the earth, until it parses gradually into space. 

The atmosphere consists essentially of the following 
substances - 

(1.) Atmospheric air. 

(2.) Carbon Dioxide. 

(8.) Water, in various conditions. 

(4.) Solid bodies. 

(8.) Ammonia. 

t 

I, Atmospheric Air, ' 

* f ♦ * * V 

The otmosphorio air consists of ajmeehnnioat mixture 
of 21 parts of Oxygen with 70 parts of Isitrogen. No 
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chemical process is required to separate one constituent 
from the other ; as a matter of fact, all porous bodies 
possess the faculty of taking Oxygen from the atmo- 
sphere, without entering into a chemical combination 
with it. Amongst such bodies are the soil and the 
leaves of plants. Whether Nitrogen is similarly taken 
up has not yet been proved, but further investigation 
may lead to important discoveries in this respect, as it 
is unlikely that the large store of Nitrogen should only 
servo as a dilution of the Oxygen. 

Although the leaves of plants take up Oxygen during 
the night and in the shade, they exhale greater quan- 
tities of it under the effect of light ; the latter is the 
result of the decomposition of Carbon Dioxide by the 
leaves, which retain the Carbon and again surrender the 
Oxygen. Thus, plants are powerful agents in the 
production of Oxygen. 

The action of the air in the soil is chiefly two-fold " T 
it causes the evaporation of moisture, and the decomposi- 
tion of organic matter. The air which penetrates into 
the fissures and interstices of the soil becomes laden 
with vapour and with Carbon Dioxide ; it is then forced 
out of the soil by every rise of temperature during the 
day, and replaced by flush air during the cooling of 
the night. The extent of this change of air depends on 
the degree of porosity of the soil and the daily range of 
temperature ; the greater these are, the more rapidly will 
moisture and organic matter (humus) disappear. Hence 
the importance of a loose soil. The daily range of tem- 
perature is seriously affected by the degree of protec- 
tion which the soil receives from forest vegetation; it is- 
greatest in fully exposed soils, and smallest in soils- wliioh 
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rest under the shelter of a crowded crop of trees, espe- 
cially if the foliage offers lateral as well as vertical shelter 
against sun and air currents. In the latter case the 
humus is carefully preserved, in the former it disappears 
rapidly. 


2. Carbon Dioxide. 

Tho atmosphere contains np to 0*0004 of its volume 
of Carbon Dioxide, which is received from a variety of 
sources, as combustion or decomposition of plants, the 
breathing of animals, volcanoes, spring-water issuing 
from tho interior of tho earth, combustion of coal and 
lignite, from various minerals, os for instance Calcium 
Carbonate. Of these, the first is by far the most 
important source of supply. 

Plants tahe the great bulk of the Carbon Dioxide 
which they require through their leaves from the nlmo- 
sphere ; only a comparatively small portion is taken up 
through tho roots. Subsequently, when they die and are 
decomposed, their Carbon is converted back into Carbon 
Dioxide, and returned to tho atmosphere ; hence plants- 
form an important link in the movement of Carbon 
Dioxide. 


3. Moisture. 

The nlmosphero is the medium through which tho dry 
land receives the greater part of the necessary moisture. 
Sheets of water (the sea, lakes, rivers, otc.) and moist 
bodies evaporate moisture which, as vapour, rises in tho 
atmosphere, until it is again condensed into water. It 
either settles as rlcw on cool objects, or falls as rain, 
snow; or hail from the cloud region to tho ground. 
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Plants being moist bodies, take part in the movement 
of moisture ; they reccivo it from the soil through the 
roots, and evaporate it through the leaves. 

In this eternal circular motion of moisture, several 
points are of special interest to the forester. In order 
to convert water into vapour, it must combine with 
heat; tko consequence is, that evaporating bodies 
become drier and cooler, and, in their oifoi’t to replaco 
the expended heat, they reduce tko temperature of tho 
surrounding lnj-crs of air. It follows that the rate of 
evaporation is, amongst other influences, governed by 
tho temperature, in other words by the dinmto. There 
is, however, another reason why the rate of evaporation 
depends on tho temperature : — The maximum of vapour 
which the air can hold, at saturation, rises at a more 
rapid rate tlinn the increase in temperature. If, 
for instance, one cubic loot of air is saturated with 
vapour v lieu it contains *10 grammes of water at freezing 
point (32° F.), it can hold *28 grammes at a temperature 
of oil degrees, and -04 grammes at 77 degrees. It 
followb that air of a high temperature can hold more 
vapour than at a low temperature, and yet the relative 
humidity may ho smaller in tho former case. Hence 
evaporation is more rapid in summer than in winter; it 
is also greater during the day than at night. 

4. Solid Bodies. 

Tho atmosphere always contains a certain amount of 
organic and inorganic' solid bodies, which arc kept in 
suspension in consequence of their minuto size and 
lightness. When vapour is condensed and falls to the 
ground as rain, snow, or hail, it carries with it a certain ^ 
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quantity of these solid bodies, winch differs according to 
locality ; the mineral part of these deposits is not incon- 
siderable compared with that which is required annually 
for the production of timber on a fully stocked area. 
Amongst the substances thus brought to the ground arc 
Calcium Carbonate, Magnesium Carbonate, Sodium 
Chloride,' Calcium Sulphate, Ferric Oxide, Alumina, 
Silica, Organic Nitrogenous matter, etc. Direct analysis 
has shown that upwards of 300 lb. of these substances 
have been deposited on an acre of land in one year, a 
quantity more than sufficient to provide for that con- 
tained in a heavy increment of wood laid on during the 
same period. In other cases, observations have shown 
the quantities to be c6nsiderably less than 300 lb, 
per acre. 

5. Ammonia and Hydrogen Nitrate. 

i 

Limited amounts of these important substances are 
contained in the atmosphere. They are required by 
forest plants in considerable quantitios, especially in the 
formation of seeds. 

A certain quantity of Ammonia and Hydrogen Nitrate 
is contained in the annual rainfall, but it is not sufficient 
to meot all the requirements of a forest crop. How the 
balanoe is obtained has not yet been ascertained. 

Section II. — Climate. 

Under .climate are understood the different local pecu- ^ 
liarities of the atmosphere in respect of temperature, 
degree of clearness, moisture, and rest or motion. It 
has already been indicated, that the climate of a locality 
depends- on its situation. 
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The climate of a locality is of greater influence upon 
the life and growth of plants than the degree of fertility 
of the soil; hence it demands the forester’s special 
attention. Generally speaking, the climate of a locality 
■depends on : — 

(1.) Latitude and longitude, or geographical position. 

(2.) Elevation above the level of the sea. 

(3.) Aspect and gradient. 

(4.) Shape of the surface and condition of surround- 
ings. 

Each of these affects the heat, light, and humidity of 
a locality, or the agencies which determine the com- 
mencement and progress of the annual phenomena of 
vegetation. 

1. Seat 

Heat affects plant life in various ways. In the first 
place, it is necessary for evaporation by the plants and 
from the surface of the earth ; and secondly, it governs 
the movement of the air, which produces a thorough 
mixture of its different ingredients, as well as that .of 
warm and cold, dry and moist, clear and hazy air. 

As plants have in general no internal source of heat, 
that required for evaporation must bo supplied to them 
by the atmosphere, either direct or through the soil. If 
these are themselves deficient in heal, evaporation must 
cease as soon as the plant has expended the store of heat 
contained in its body. The latter, however, frequently 
does not take place until serious damage has been done 
to the plant, in other words, the temperature of the 
plant may be so far reduced that the freezing point is 
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reached, although the temperature of the surrounding 
air is as yet several degrees above that point. 

The only important source of atmospheric heat is the 
sun, and the temperature of a locality depends in the 
first place on its latitude . The mean annual temperature 
decreases with the distance from the equator, because 
the sun’s rays strike the earth more slantingly in pro- 
ceeding north or south from the equator towards tho 
poles. The climate thus produced is frequently called 
the geographical or solar climate. It exists nowhere on 
the earth, as it is modified and converted into the physical 
or local climate by a series of influences, amongst which 
the following deserve attention : — 

a. Elevation above the Level of the Sea. 

The temperature falls with elevation above the sea. 
In the Alps the fall is one degree for every 300 to 400 
feet of elevation; it is about 900 times as rapid as 
the fall caused by increasing latitude. The effect of 
elevation upon temperature is subject to modifications. 
High plateaux of considerable extent show a milder 
climate than that calculated for their elevation, be- 
cause the sun’s rays are more intense than at the level 
of the sea. On tho other hand, wind currents exercise a 
considerable effect, so that isolated peaks have, as a rule, 
a comparatively rough climate. 

b. Presence of Extensive Sheets of Water, 

Owing to a difference of temperature, and the conse- 
quent exchange of air between dry land and sheets of 
water, tlio latter cause the climate of the former to he 
more equable, the temperature being lower during the 
day and higher during tho night. It is for this reason 
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that the longitude of a locality, by affecting its distance 
from the ocean, may influence the climate. 

c. Aspect and Gradient . 

The angle at which the sun’s rays strike the soil 
depends on the aspect of the locality, hence aspects be- 
tween south-east and south-west are the wannest, anfl 
those between north-east and north-west the coldest. 
Tho degree of the gradient further modifies this effect. 

The aspect affects the temperature also in exposing a 
locality to ah currents, or protecting it against them. 
This effect may be favourable or unfavourable according 
to the nature of the ah currents. 

d. Presence or Absence of Forest Vegetation. 

Localities, which are bare of vegetation, are struck by 
the full force of the sun’s rays, causing the temperature 
at the surface of the soil to rise to tho highest possible 
degree. At the same time, ah currents sweep unimpeded 
over such localities, causing a rapid change of the 
atmosphere. 

On localities covered with a crowded crop of forest 
vegetation the sun’s rays striko the crowns of the trees ; 
the heat which becomes free at some height above the 
ground, penetrates only slowly through, the leaf canopy 
to the layer of ah below it and thence to the soil. > 
During tho night again tho leaf canopy prevents, or 
at any rate reduces, radiation. It follows that tho ah 
in forests is cooler during the day and warmer during 
the night, than tho ah on bare localities. " This effect is 
intensified by the fact that tho foliage of. the trees 
impedes the force of ah currents. 

Direct observations have established the following 
facts : — 
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(1.) The climate of wooded countries is more equable 
than that of open countries. 

(2.) The mean temperature of soil and air in wooded 
countries is somewhat lower than that of soil and air in 
bare countries. This reduction of temperature would 
ordinarily act beneficially in warm southern countries, 
while it may become injurious in cold northern countries 
where the temperature is already lower than is dosirable. 

(3.) The greatest difference occurs in summer, next in 
spring, then in autumn, and it is very small in winter. 
It follows that in forests the commencement of vegeta- 
tion in spring is retarded. This may ho beneficial in 
preventing damago by spring frosts, limiting the forma- 
tion of inferior spring wood, etc. ; on the other hand it 
shortens the growing season, and delays the sprouting of 
seeds in spring. 

Heat is the most powerful agency in the distribution 
of the plants on tho earth ; the species change with in- 
creasing latitude, elevation, and other influences which 
govern the temperature. This applies to forest trees as 
well as to othor plants. 

Attempts have been made to ascertain the absolute 
sum of boat required annually by the more important 
forest trees, which have been enumerated in the intro- 
duction of this Part, but so far the data which have 
been obtained are not of much practical boaring upon 
Sylviculture. Moreover, it is beyond doubt, that the 
mean temperature is of much less importance to forest 
’ trees than tho extremes of temperature which occur in a, 
particular locality, inoro especially during the growing 

season. 

/ 
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Something more definite is known of the relative 
boat requirements of the several species. According to 
Gayer * this is as follows : — 

It is greatest in : Elm, Sweet Chestnut, English (or 
pedunculate) Oak, Black Pine. 

Somewhat smaller in: Silver Fir, Beech, 'Weymouth 
Pine, Sessile Oak, Scotch Pine. 

Less again in : Birch, Maple, Sycamore, Ash, Alder, 
Spruce. 

Least in : Larch, Ccmbran Pine, Mountain Pine. 

The different heat requirements produce many pheno- 
mena of interest to the forester, of which the following 
may he mentioned : — 

(1.) On the same latitude the several species arc, 
if left to natural selection, found at different elevations. 
While the Ccmbran Pino finds full development near the 
upper limit of tree vegetation (up to 7000 feet in the 
Alps), the Larch and next the Spruce prefer a somewhat 
lower zone ; lower again appear Beech and Silver Eir, 
while the Scotch Pine and the Oak flourish in the low 
lands. 

(2.) A species which prefers a certain altitude in one 
locality, will descend towards the level of the sea with 
increasing latitude, or ascend with decreasing latitude. 

(S.) At the same altitude, the more heat-requiring 
• species will seels the -warmer southern aspects, and' the 
less heat-requiring species the cooler northern ones. 


* *■ Dor Wnldban," by Dr. K. Gayer, 1882. 
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(4.) A species ■which is naturally found on a northern 
aspect at a low elevation, will seek a southern aspect at 
a higher altitude. 

It must not, however, bo overlooked, that the actual 
distribution is affected by many other influences besides 
heat, and that the above theories are only of an abstract 
nature. 

The effect of frost on the various species is intimately 
connected with their heat requirements. Trees suffer, 
as a rule, little from winter frosts witliin the region of 
their natural distribution, but frost which occurs during 
the growing season may do considerable damage, es- 
pecially during spring (spring, or late frosts), imme- 
diately after the tender leaves and shoots have been put 
forth, and during autumn (autumn, or early frosts), 
before the newly-fonncd wood had time to ripon. Many 
influences and circumstances contribute towards the 
occurrence of late and early frosts. Sometimes they 
arc caused locally , especially in low lying or confined 
localities in consequence of excessive radiation or 
evaporation and absence of air currents, in other cases 
they are due to cold winds. The several species vary 
much in their bearing towards late and early frosts; 
in a general way the following classification will hold 
good : — 

Most subject to late and early frosts are : Ash, l Acacia, 
Sweet Chestnut, Beech. 

Somewhat less : Oak, Silver Fir, Maple, Sycamore, 
^Spruce, Alder. 

** ***• I 

Least; Hornbeam, Elm, Birch, Larch, Aspen, Scotch 

, Pine.- 
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The degree of damage depends, apart from the severity 
of the frost, on tho condition of the leaves and yonng 
■wood, the general health and vigour of tho plants, and 
whether they have been suddenly or gradually deprived 
of shelter. 


2. Light. 

The earth receives light from the sun, tho source 
whence heat is supplied. With tho exception of a few 
low forms, such as truffles, all plants require light to 
enable them to live and grow, as soon as the available 
reserve materials have been consumed. Without light 
Carbon Dioxide cannot be decomposed. 

During the process of germination light is not re- 
quired, because the germ is developed by means of 
substances deposited in tho seed. Similarly, tho first 
starting of vegetation in spring can take place with a 
small amount of light, because it is done by means of 
reserve materials deposited in certain parts of the plant. 
As soon as these substances, both in germination and 
awakening of vegetation in spring, hare been consumed, 
light becomes absolutely necessary for tho preparation of 
new growing sap out of Carbon Dioxide, Water, etc. 
The preparation of this material is accompanied by tho 
exhalation of Oxygen, tho result of the decomposition 
of Carbon Dioxide. 

All trees, then, require light for their proper develop- 
ment, but tho quantity has its upper and lower limit. , 
2Tot only too little light but also too much light, can 
interfere with the phenomena of growth. Between the 
maximum and minimum a degree exists which corres- 
ponds with the most favourable development, and which 
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represents tlio normal light requirement of a species. 
Regarding tlie absolute quantity of light required by 
, the several species little is known at present, but much 
experience lias been collected which demonstrates the 
relative light requirements of many species. On the 
whole it is known that certain species cannot thrive 
unless they enjoy a large measure of light through- 
out life, while others will bear a certain amount 
of shade. Accordingly, the former are called “ light 
demanding and the latter shade hearing species, hi 
a general way it may he said, that trees with a dense 
crown are shade bearing, and those with a thin crown 
light demanding, though the light requirement does not 
always stand exactly in inverse proportion to the density 
of the crown. 

Attention must here be drawn to the fact, that some 
Species, which arc shade bearing, require a certain 
amount of sholfor, or protection, during early youth; 
they have therefore been called “ shade demanding.” 
Such a definition is, however, misleading, as these 
plants require protection against heat and cold, and not 
against light as such. In young plants of Beech and 
Silver Fir, for instance, the evaporation frequently reaches 
such a high degree, if not sheltered, that they lose water 
quicker than they can take it up from the soil, in 
other words, they must die. Henco they require either 
a thorough wetting of the soil, or shelter. In the former 
case more water is available, and in the latter tlio 
temperature, and thereby the evaporation, is reduced. - 

By summing up tho available experience of the light 
requirement of a number of species, scales have been 
propared by 'various authors, whieli, though agreeing 
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on the main points, differ somewhat in details. The 
following scale is that given “by Gayer; it begins with 
the most light demanding species ancl finishes with the 
most shade bearing : — 

(1.) Larch, Birch. 

(2.) Scotch Pine, Aspen, Willow. 

(3.) Oak, Ash, Sweet Chestnut, Mountain Pine. 

(4.) Elm, Common Alder, Blade Pine. 

(5.) mite Alder, Lime, Weymouth Line, Maple, 
Sycamore. 

(0.) Spruce, Hornbeam. 

(7.) Beech. 

(8.) Silver Fir. 

(9.) Yew. 

Lime and Weymouth Pine stand in the centre of this 
scale; the species above them are considered light 
demanding, and those below shade hearing, the degree 
in each case depending on the distance from the centre 
line. 

The above scale represents only general averages. In 
reality the degree of light requirement is subject to 
considerable modifications caused by the peculiarities of 
each locality. Generally, all species bear more shade on 
good fresh soil than on poor dry ground, a fact which is 
always indicated by the density of the crown. The 
Scotch Pine, for instance, grown, in fresh soils near the 
soa-coast looks quito different from the Same tree seen in 
continental countries, and stands considerably more shade 
than the latter. 

The length of the growing season also influences the 
degree to which a' tree will stand shade. • A certain 
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lolal quantity of liglit is required to complote the animal 
cycle of development, lienee a more energetic effect of 
light is wanted in localities with a short growing season, 
such as high elevations or high latitudes. A species 
which stands a certain amount of shade at the level of 
the sea and in a southern climate, may become highly 
light demanding at a considerable elevation, or in a 
northern climate. Again, in foggy air, under a usually 
covered sky, or on northern aspects, the same species 
stands less shade than in usually clear air, under a sunny 
sky, or on southern aspects. In this respect it must be 
remembered that the actual intensity of the light is 
somewhat greater in high mountains than in low lands. 

The health of the trees is also of importance. Strong 
healthy plants with a good root system stand more 
shade, and for a longer period, than weak plants. 

Light and shade in relation to tree growth are of. the 
greatest importance in practical Sylviculture, especially 
in the regeneration and tending of woods, the com- 
position of mixed woods, etc. In each of these eases 
the light requirement of tho species must he fulty 
considered, or serious mistakes may be made. Tlie 
most important period in tbis respect is early youth, 
because at that time several species require some 
shelter, either against heat or frost. If that shelter, on 
the other hand, is excessive the young trees may be per- 
manently injured or even. die. When a plant has stood 
in shade for some time, the aotivity of its loaves has been, 
reduced, and it takes some time, after the removal of 
the shelter, , before the increased light produces in- 4 
creased assimilation and visible activity, because fresh 
organs fitted for the altered conditions,, must be pro- 
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dueed. In all such, cases it is "best to remove the 
cover gradually and not all at once. If tho plant lias 
stood in shade for a considerable period it may be no 
longer capable of developing into a tree of normal size. 
As long as numerous strong buds arc found, especially 
near the top, this is not to bo feared, hut the recovery 
of plants with a few miserable buds may he considered 
as hopeless. 


S. Moisture. 

The first question for consideration is, whether mois- 
ture in the air is directly necessary or beneficial to plant 
life. The investigation of tliis problem meets with great 
difficulty, becanse it is often difficult to separate the 
effect of air moisture from that of soil moisture. As a 
matter of fact only meagre data are available, as far as 
trees arc concerned. It is known that some species, 
such as Spruce, Alder, Maple, Asli, and next to these, 
Silver Fir, Beech, and Birch, thrive generally better in 
moist than in dry air. It is also a fact, that Spruce 
appears naturally over extensive areas in high situations 
and along tho sea shores of Northern. Europe, that is to 
say, in localities with a comparatively moist air, while 
it thrives hut indifferently in continental situations with 
a dry air. The Scotch Bine, on the other hand, appears 
over extensive tracts in continental dry climates, and at 
the same time it flourishes in the moist insular climate 
of Great Britain. 

Although further investigation is necessary to show 
whether trees take up moisture through their organs 
above ground, the atmospheric moisture is of tho highest 
importance, for the following two reasons : — 
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(a.) It governs tlio degree of evaporation from the 
1 trees ; and 

(b.) It supplies the soil with water, whence it is token 
up by the roots of tire trees. 

Apart from tho temperature, the degree of evaporation 
depends on the degree of saturation of tho oil' ; honcc 
relatively dry air causes rapid evaporation, while flic 
latter ceases as soon os the air becomes saturated. The 
degree of evaporation, in its turn, governs tho rapidity 
with wliieh fresh water laden with raw materials is 
taken up by the roots. 

The soil receives water from the atmosphere in the 
shape of precipitations, as dew, rain, snow, hail, and a 
certain amount by moans of its hygroscopic nature. The 
quantities differ enormously in different olimafes and 
localities, from almost nothing to COO inches a year. 
Precipitation cannot take place unless tho air becomes 
saturated. The phenomena wliieh favour an increase in 
the relative humidity, and thereby induce saturation, 
arc active evaporation and a reduction of temperature. 
On tho ono hand, evaporation causes a reduction of 
temperature, and on the other hand, a falling tempera- 
ture reduces the degree of evaporation; the result is, 
that saturation and precipitation occur only locally. 

As a general rule a low temperature means a high 
degree of relative humidity ; lienee the latter is greater 
in winter than in summer ; greater at high elevations 
than in low lands ; greater in tho vicinity of extensive 
sheets of water than in continental countries ; greater in 
forest countries than in bare tracts. 

Direct observations have shown, that the relative 
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humidity of forest air is greater than that of open air, 
the difference amounting in Central Europe to as much as 
10 per cent, during summer, and about half that amount 
in winter. The practical value of this fact in Sylvicul- 
ture is, that radiation of heat is much slower in moist 
than in dry air; hence the danger of late and early 
frosts is smaller in the former than in the latter. 

4. Air Currents. 

The atmosphere is, practical^, in constant motion. 
Tho principal cause of this is the uneven heating of the 
earth by the sun. Tho heat, which becomes free on or 
near the surface of the earth, warms the adjoining air 
and causes it to rise, its place being taken by colder air 
frorn other parts of the earth. The ascending air, after 
cooling, sinks again in its turn. In this manner a cir- 
cular motion exists between the equator and the poles. 
Owing to a combination of theso currents with the 
motion of the earth, modified wind directions arc pro- 
duced. The prevailing wind directions on the northern 
hemisphere are, therefore, from tho south-west and the 
north-east, according as to whether the original current 
started from idle tropics or the polar region. 

A second cause of wind currents, especially of storms 
or gales, is the sudden condensation of considerable 
quantities of aqueous vapour, which forces air to rush 
from all sides into the space of reduced pressure. 

Air c urr ents are of paramount importance to all 
organic life on the earth, because they produce a 
thorough mix ture .of the constituents of the atmosphere. 
Without them, the firm laud would soon lose all mois- 
ture. The motion of the atmosphere ensures a proper 
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distribution of moisture, Carbon Dioxide, Oxygen, and 
Nitrogen over tiie earth. 

Air currents injuriously affect forest trees principally 
in two ways : 

(a.) By unfavourably modifying tlie temperature and 
moisture of a locality ; and 

(J>.) By injuring, breaking, bending, or overturning 
them. 

Dry winds frequently reduce the moisture of a locality 
to a dangerous degree ; moist and cold winds may reduce 
the temperature, and thus interfere with the healthy 
growth of the trees. Strong winds may break the lead- 
ing shoots or side branches, cause trees to assume a 
curved shape, or even throw single trees and whole 
woods to the ground. 


Section III, — Soil. 

It has already been stated that plants, and more 
especially trees, require a certain layer of soil, into 
which thoir roots penetrate, and which provides them 
with nourishment and the means of stability. Wherever 
this layer of soil is deep enough to meet the above re- 
quirements, the subsoil is only of indirect importance, 
but in the case of shallow soils the subsoil has, as a 

f » 

rule, to undortako part of the ordinary functions of the 
soil. Under any circumstances, the subsoil fu rnishe s the 
materials from which the mineral parts of the soil are 
principally derived. Hence, in speaking of the soil, the 
subsoil is more or loss included. 
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1. Origin of Soil. 

All soil is originally the result of the decomposition 
of the roclcs of the earth, with the addition of certain 
organic substances. In some cases the soil now overlies 
the rock from which it has been derived, in others it has 
been carried away by violent convulsions, or the action 
of water and air currents, and deposited again in other 
places. In the ono case it is called “ indigenous ,” 
and in the other “ exotic ” soil. The latter can gene- 
rally be brought under one of the following three 
categories : — 

a. Ante-Diluvial Soil, 

Consisting generally of layers of clay, marl, and Sand, 
imbedded between masses of rocks, here and there 
forming the uppermost portion of the earth’s crust. 

1. Diluvial Soil, 

It is distinguished by a low degree of cohesion 
amongst the several parts, consisting of accumulations 
of sand, loam, clay, marl, various pieces of rook, etc. 
It is found in all extensive plains, river basins, and the 
larger valleys of mountain districts. In the majority of 
eases it formed the bottom of former seas. 

c. Alluvial Soil, 

Formed by deposits near the sea-coast, at the mouth, of 
rivers, by moving water and lakes inland, as well as by 
the action of air currents. This process is proceeding at 
the present day. 
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2 . Formation of Indigenous Soil. 

The formation of soil is due to a variety of agencies, 
which aro either of a mechanical, chemical, or organic 
nature. 

a. Mechanical Agencies. 

Amongst these, heat takes the foremost place. The 
heating of rocks produces an unequal strain and pres- 
sure, which >causc them to hurst in various directions. 
Then, if water penetrates into the interstices and freezes, 
it forces the particles asunder, thus further breaking up 
the rock. Water is also a powerful agency, owing to 
its dissolving action. 

1. Chemical Agencies. 

When Oxygen, Carbon Dioxide, and water come into 
contact with the rock, they form chemical combinations 
with its dements. Tho Oxygon acts especially on fho 
metals, forming,' by the addition of water, hydrates of 
metallic oxides. This process, accompanied by an in- 
crease of volume, destroys the previous cohesion of the 
rock. The Carbon Dioxide, combined with water, pene- 
trates into the rock and carries off dissolved Lime, Mag- 
nesia, Potash, and Soda. The water acts by forming 
hydrates, which cause tho solution of various con- 
stituents of tho rock, 

/ 

i -» 

, c. Organic Agencies. 

"Wheti mechanical and chemical action hare com- 
menced the decomposition of- the rock, organic action 
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sets in. First lichens, then mosses, appear on the sur- 
face of the rock, which further accelerate decomposition, 
by keeping the surface moist. Next, the, roots of these 
plants penetrate into the finest fissures and assist 
mechanical action. In this manner a soil is gradually 
formed, which consists of fragments of rock and rem- 
nants of dead plants, suitable for the support of more 
Iiiglrly organized plants, such as grasses and herbs; 
these are followed by shrubs and trees, which pene- 
trate with their roots deeper and deeper into the 
rents and fissures of the rock, and further accelerate 
decomposition. 

When this process has gone on for a sufficient length 
of time, the outer part of the earth’s crust consists of a 
layer of varying depth, which, commencing from below, 
changes gradually from the solid rock into broken rock, 
or brash, then into smaller pieces of rock, or subsoil, and 
ultimately into the formed or surface soil. 

At first sight it would appear, that the composition 
and quality of the soil depend on the composition of 
the original rock, out of which it has been formed. This 
is, on closer investigation, found to be the ease to only a 
limited extent, because, in the first place, certain impor- 
tant substances, such as Potash, Magnesia, Lime, are 
carried away and lost during the process of decomposi- 
tion; secondly, organic substances ore added; and 
thirdly, the fertility of the soil depends not only on its 
chemical composition, hut also, and often chiefly so, on 
its physical qualities. ‘All that can be said is, that 
certain lands of rock yield ordinarily a soil of a certain 
description, but subject to modifications, which depend 
on the peculiarities of each case. On the whole, the 



LOCALITY IN RELATION TO EOltEST VEGETATION. 127 


attempt to estimate the quality of a soil hy its geological 
origin has almost invariably failed, since the same rook 
may produce soil of varying chemical composition and 
physical qualities. 


3. Composition of Soil. 

Soil consists generally of the following substances : — 

(a.) Mineral matter, takon from the decomposed 
rock, or carried to the area by water and air 
currents. 

(b.) Organic matter, being remnants of vegetables and 
animals. 

(c.) "Water, partly fluid, partly in the shape of 
vapour. 

(d.) Oases, such as air, Carbon Dioxide, Ammonia. 

A. Mineral Substances in the Soil. 

The mineral substances form, in the majority of cases, 
the greater part of the soil ; they may be arranged gin 
the following four groups : — 

(a.) Earths. 

(£.) Salts. 

. (c.) Acids. 

(d.) Metals, 

a. Earths. 

Silica, Alumina, Lime, and, next to these, Magnesia 
are tho 'earths which occur most frequently in soil. 

Silica is represented chiefly in Sands. 

Silica combined with Alumina forms Olay. 

Clay with Sand forms Loam. 
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Lime appears principally os Calcium Carbonate in lime 
and elialk soils, hut al«o ns Calcium Sulphate in Gypsum. 

Magnesia is most frequent in Dolomite, though smaller 
quantities arc found in most other soils. 

b. Salts. 

The most important Salts arc : — 

Potassium Carbonate (Potash). 

Sodium Carbonate (Soda). 

Sodium Chloride (Common Salt). 

Carbonates. Sulphates and Phosphates of Iron and 
Manganese. 

The quantity of salts in the soil does not, as a rule, 
exceed one-half per cent., and rarely one per cent. 
Larger quantities appear only in certain localities, such 
as salt plains, in the vicinity of the sca-eoast or salt 
springs, and in some peaty and swampy soils. 

Potassium Carbonate is of importance, ns forest trees 
require a fair amount of it. Sodium Carbonate in 
moderate quantities nets also favourably. Sodium 
Chloride ouly acts favourably if present in small quanti- 
ties. Salts of Jron often act injuriously. 


c. .f rids. 

Carbon Dioxide and Humic Acid are the two free 
acids which generally appear in soils. Other free acid*, 
if they appear at all, do sb only temporarily, until they 
enter into combination with a base. 


J. Metals. 

Of metals, only Iron is of importance in Sylviculture. 
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It appears as Ferrous Oxide aud as Ferric Oxide. The 
former is believed to bo injurious to plant life. Ferric 
Oxide may be mixed with soils, and unless the quantity 
exceeds 10 per cent., it does not act injuriously ; on 
the contrary, most fertilo soils contain a certain quantity 
of it. 


B. Organic Matter, or Humus . 

Under Humus is understood in Sylviculture all organic 
matter which in contact with the soil is gradually de- 
composed, and forms in mixture with the upper layer of 
mineral substances, tho mould or black earth of the 
forest. The sources of humus aro tho annual fall of 
leaves and twigs (or even whole trees) and dead 
plants. 

The continuous decomposition of humus furnishes 
several important products. In the first place the soil 
receives all the mineral matter contained in tho humus 
(ashes) ; secondly, a large quantity of Carbon Dioxide is 
produced which accelerates the decomposition of tho 
jnincral part of the soil. Finally, Humic Acid renders 
. many important substances, such ns Potash, Soda, Mag- 
nesia, Limo, etc., soluble in water, so that they become 
available for tho plant. 

There are, however, different kinds of humus: — 
Mild /limits, or forest humus is formed, if air and' water 
act in proper proportion upon fallen leaves, moss, etc. 
Dry mould is formed by the action of an excessive supply , 
of air on certain plants, such as heather. Acid humus is 
tho result of the decomposition, if an excess of .moisture 
and a deficiency of air are present. Only mild forest 
humus acts altogether favourably upon forest vegetation. 
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C. Water. 

Water is tho most important component part of tie 
soil, as plant life is impossible -without a certain quantity 
of moisture. It affects vegetation principally in the 
following manner : — 

(a.) It assists in the decomposition of the rocks. 

(b.) It assists in tho formation of humus, and regu- 
lates both the admission of air into the soil and its 
temperature. 

(c.) It is a nourishing substance. 

(d.) It is a chief agent in the process of nourishing 
and shaping the plant. More especially it carries all 
mineral substances from the soil into the roots. 

However favourably a certain degree of moisture in 
the soil may act, an excess of water is always injurious ; 
it reduces the activity of the soil (by driving out air), 
lowers the temperature, increases danger from frost, and 
is liable to render the soil acid. 

The soil receives water from one or more of the 
following sources : — 

(1.) From the atmosphere, as dew, rain, snow, hail, or 
as vapour condensed by tho action of the soil. 

(2.) From ground water resting in the subsoil. 

(S.) From inundations, whether natural or artificial. 

Water derived from the atmosphero acts most favour- 
ably, provided tho supply is suitably distributed over 
tho different seasons of the year, and the soil is capable 
of retaining moisture sufficiently long during dry weather. 
Where these conditions are wanting ground water is 
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likely to act more favourably, because it produces a 
more evca degree of moisture in tlie upper layers of tbe 
soil. Natural inundation -water is, in many cases, objec- 
tionable, because it renders the soil too -wet at one time, 
and too dry at others. Artificial inundation, or irriga- 
tion, produces most favourable results, but it is generally 
very expensive. 

3 ). Gases. 

The gases, such as air, Carbon Dioxide and Ammonia, 
have been dealt -with in Section I. of this chapter. It is 
only necessary to add, that the contents of air in the 
soil move within wide limits, and that the contents of 
Carbon Dioxide and Ammonia depend on tho quantity of 
organic matter in tho soil, and the rate at which its 
decomposition proceeds. 

4. Physical Qualities of the Soil. 

4 The principal physical qualities of importance in Sylvi- 
culture are the following : — 

• a. Consistency , 

Or binding power, the cohesion between the different 
particles of the soil. It depends on the chemical com- 
position of the different parts, the degree of division, and 
tlio quantity of moisture in the soil. Generally, it is 
greatest in clay and smallest in sand. 

b. Shrinldng, - • 

Or the .reduction of the volume of the soil under the 
process -of drying. It causes the soil to crack, followed 
by the exposure -sf the roots. Heavy soils crack more 
than light soils. 
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c. Capacity to hold Water. 

It is generally proportionate to the percentage of fine 
earth and humus in the soil. 

d. Hygroscopicity, 

Or the capacity of the soil to attract and condense 
aqueous vapour from the atmosphere. It depends on 
the degree of division of the particles, and on the 
temperature. The finer tho division, the greater the 
hygroscopicity ; more vapour is condensod at a low than 
at a high temperature. Soils rich in humus show the 
greatest hj'groscopicity, next clays, then loam, then lime 
soils, and it is smallest in sands. 

e. Tenacity of retaining Moisture, 

Is greatest in clay soils, middling in lime soils; sand loses 
moisture most quickly. < 

f Permeability, 

Or the capacity to let water pass through is greatest 
in sands, especially if of a coarse grain, and smallest in 
clay. Humus soil approaches clay, while lime and loam 
soils stand about half way between the two extremes. 
Stiff clays me liable to he altogether impermeable ; in 
many cases the clay is gradually earned into the sub- 
soil, where it forms an impermeable layer. 

i 

i 

g. The Power to retain the Salts dissolved in Water, 
Depends on the proportion of fine earth in the soil. 

U. The, Capacity to become Seated, 

Is greatest in sands, and smallest in clay. 'Lime soils 
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approach sand, loam approaches clay. Sand and lime 
soils arc called hot soils, -while clay is called a cold 
soil. 

Depth intensifies the effect of the various physical 
qualities. A depth of 4 feet may be considered as 
sufficient for any of the species enumerated in the 
Introduction, and many can do frith considerably less. 
Where a sufficient depth of soil is not available, the 
direct assistance of the subsoil is called in, especially 
its degree of permeability. The depth depends chiefly 
upon the nature of the rock and soil, the stratification 
•of the rock, the situation, and the general shape of 
the surface. The nature of the rock governs the rate 
at which it is decomposed, and the roclc may, either 
in itself or assisted by the soil, be more or less per- 
meable. An impermeable subsoil is all the more 
injurious the nearer it is to the surface, because it makes 
the surface soil too wet and cold at one time, and too 
dry and hot at others, apart from the fact that the roots 
may not find sufficient room for spreading, or that the 
conditions of stability may be absent. 

A vertical stratification and a much crumpled state of 
the rock act most favourably upon the movement of 
water in the soil and the penetration of the roots; a 
horizontal stratification, if unaccompanied by crumpling, 
is generally the least favourable form. Low lands have 
ordinarily deeper soils than high lands. On steep slopes 
the feoil is liable to be washed away, while it is collected 
in valleys. 

All physical qualities arc of special importance through ' 
their action upon moisture. ’ In this respect the chemical 
composition of the soil is of less importance than the 
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degree of division, of the particles, whether the latter are 
fine or coarse grained. It is for this reason that sand 
and clay represent, ordinarily, the extremes. If sand were 
as finely divided as clay, it would show the same hearing 
towards moisture as the latter. 

5. Classification of Soils. 

For the purposes of Sylviculture, soils may he classi- 
fied cither according to thoir chemical composition or 
according to one or other of the physical qualities. 

a. Classification according to Chemical Composition. 

It is, of course, out of the question to attempt a 
classification according to all component substances, nor 
is it necessary, because the importance of the four sub- 
stances, Sand, Clay, Lime, and Humus, outweighs that 
of all other substances so much, that the latter need not 
bo taken into account in this place. 

The subjoined table gives the composition of the six 
principal classes of'' soils (according to Church) : — 


Nome of Soil 

rn stwr of 

ItemarJai 

^ Calcium 
ua!r Cirbouitc 

bind. 

Hama* rtf 
Organic 
Slitter 

Clay Soil 

Loam . , . 

Marl . . 

Calcareous Soil 
Baud , a 
Humus Soil l 

oi cr CO 

01*130 

over 30 
Titular 10 
Under 10 
andir 10 

under 0 

under 5 

$-10 
oxer 10 
under 5 
under 5 

under 20 

GO— 70 
under HO 
50-70 
o\erbO 
umlor 50 

5-10 

5 -10 

5—10 
5—10 
5—10 
oxei 20 

’ Trace* or Pimc Oxide ami 
Hltunitnntis Matter. 
Coloured Ilxdntid Fume 
Oxide 

' Trequtntlv tome IYrru 
/ Oxide 

. — . 


Soils of subordinate importance are : — 

Dolomite , a chalky loam with much Magnesium 
Carbonate. 

Gypsum, a soil which is rich is Calcium Sulphate. 
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Salt soil , which contains an excessive percentage of 
sails, especially Sodium Chloride. 

Fcrriiffineous soil , which contains an excessive propor- 
tion of Ferric Oxide. 

According to the preponderance of one or other of 
the principal ingredients, numerous subdivisions have 
been made, such as sandy, chalky, or marly clays ; 
loamy sand, sandy loam, marly sand, sandy marl, etc. 

Generally, the clay, loam, and lime soils aro mincrally 
strong soils, while the sandy soils aro loss strong. 
Humus soil may be real humus soil or peat soil; the 
former acts very favourably upon tree growth, the latter 
unfavourably. 

Soils may also bo classified according to the rapidity, 
with which tho Humus is decomposed, as : — 

Very Active Soils : Such as dry porous sand and lime 
soils, in which the decomposition of humus is 
excessively quick. 

Active Soils : Such as moderately moist loamy sand, 
sandy loam, loamy marl, in which the decomposition 
of humus proceeds at a rate favourable for growth, 
without actually exhausting the supply of organic 
matter. 

* 

Moderately active Soil; Such as stiff clay, wet soil, 
heather soil, whore tho decomposition is too slow' 
for a healthy development of most plants. 

Inactive Soil : Such as peat soil, moving sand, etc., in 
which, either fr^m excess of moisture or absence of 
humus and rest, littlo or no decomposition ’takes 
place. 
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b. Classification according to Physical Qualities . 

Of the various physical qualities the degrees of con- 
sistency and of moisture arc of special importance in 
Sylviculture. According to consistency soils may he 
classified in the following manner : — 

Light Soils: All soils which contain much coarse- 
grained sand or much humus. 

Loose Soils : Such as peat and moor soils, which are 
elastic and swell during rainy weather ; they are 
also much lifted by frost. 

Binding Soils: Soils of middling cohesion, such as 
fine-grained loamy sands, coarser-grained sandy 
loams, lime soils, especially marl. 

Heavy Soils: Such as fine-grained loam, clay with 
coarse sand. 

Stiff Soils: Such as clay with a limited quantity of 
fine-grained sand. 

In classifying soils according to the degree of mois- 
ture, a distinction must he made between the absolute 
degree of moisture, and the condition of the soil during 
the growing season, as set forth in the following ar- 
rangement : — 

Wet Soil : Water flows from it without the applica- 
tion of pressure. — Even in summer water runs off 
in drops on the application of pressure. 

Moist Soil : On pressure being applied, water falls in 
drops. — -During summer the soil does not become 

"dry beyond one inch below the 'surface. 

’ Fi'csh Soil: Leaves traces of moisture on the palm 
of the hand on being pressed. — During summer it 
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docs not become dry beyond sis inches below the 
surface. 

Dry Soil: Has lost the dark colour due to the pre- 
sence of moisture, but does not fall to dust on being 
broken. — In summer it becomes dry to a depth of 
12 inches within a weok after a good soaking rain. 

Arid Soil : Palls to dust on being broken. — In summer 
it dries up to a dopth of more than 12 inches witliin 
a few days after a good soaking rain. 


Section IV. — Effect of tiie Soil urox Forest 
Vegetation. 

In estimating the effect which differently constituted 
soils have upon forest vegetation, and more especially 
upon tree growth, the forester is guided by tbo demands 
made by tbe trees upon the soil. Ordinarily the soil 
should provide the tree with : — 

(a.) Stability. 

(b.) Space for a suitable spreading of the root system, 
(c.) Moisture, in suitable quantities at ail times. 

(d.) Nourishing substances, in sufficient quantities 
and in a condition suitable for absorption b}^ 
tho roots. 

Any soil which meets those requirements is fertile for 

Sylvicultural purposes, and experience has shown, that 

fertile forest soil must show the following qualities : — 

* 

(1.) A sufficient depth. 

(2.) A suitable degree of porosity. 

(8.) A'suitablo degree of moisture j and, , 

(4.) A suitable chemical composition. 
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1 . Sufficient Depth. 

The depth is measured by the thickness of the layer 
of soil, and of that portion of the subsoil, which can be 
penetrated by the roots. In duo proportion, to depth arc 
the space available for the root system, the store of 
nourishing substances, the stability' of the trees, and the 
state of moisture in the soil. 

The root system differs considerably in the several 
species ; some develop a tap root, whioh is maintained 
for a longer or shorter period, such as Oak, Elm, Scotch 
Pine, Silver Fir, Maple, Sycamore, Ash, Lime, Larch ; 
others have strong side roots, which send down deep- 
going rootlets, such as Alder; others again go to a 
moderate depth, as Beech, Hornbeam, Aspen and Birch; 
finally some spread altogether near the surface, such as 
Spruce. The nature, composition, and degree of mois r 
turc of the soil modify the root system to some extent, 
which in young trees is frequently different from that in 
older trees. 

On the whole, certain species thrive well only in deep 
soil, while others can subsist in shallow soil, though they 
prefer deep soil. The best indicator of the depth of 
soil is the height growth. A sufficient depth produces 
full height growth ; with deficiency of depth, the height 
growth falls off. 

Hess * classifies the trees as follows,' in respect of their 
demands for depth of soil : — 

Species which are satisfied with shallow soils : Spruce, 
Mountain Pine, Birch, Aspen, Mountain Ash. 

* EncyMopaUie anil Mcthoaologic der Fentirisscnschnft, by Dr. Richard 
Hess, 1888. 
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Species ivhicft require middling depth ; Black Bine, 
Weymouth Pino, Beech, Hornbeam, Black Poplar, 
Tree Willows, Alder, Horse Chestnut. 

Species which require greater depth : Scotch Pine, Cem- 
bran. Pine, Elm, Maple, Sycamore, White Poplar. 

Species which require greatest depth : Silver Fir, 1 nrch, 
Asli, Lime, Sweet Chestnut, and especially Oak. 

At the same time, the roots of these epoch* go rarely to 
a depth of 4 feet helow the surface, unless they do not 
find sufficient moisture in the upper layers of the soil. 

2. A suitable degree of Porosity . 

Neither too firm nor too loose soils are favourable for 
tree growth. Too firm soils make the penetration of 
the roots difficult, if not altogether impossible, prevent 
the admission of the necessary air, interfere with the 
movement of water, and incline towards swampiness, 
accompanied by increased danger from frost, and by 
strong shrinking and bursting in summer. Too loose 
soils endanger the stability of the* trees, are liable to be 
carried away by water or wind, suffer from loo rapid 
drying and too rapid decomposition of the humus, and 
the plants growing in it are subject (o frost lifting. 
The best soils are of middling consistency, such ns loam 
and lime soils with a good layer of humus. 

' 3. A suitable degree of Moisture. 

Under a suitable degree of moisture is hero .under* 
stood that degree which corresponds with ihr natural 
requirehtoiil of auy particular species, which it is 
desired to grow. The more uninterruptedly that degree 
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is maintained throughout the growing season, the more 
favourable will ho the development of the tree. 

Apart from climate and subsoil, the condition of the 
soil itsolf, its depth, porosity, the nature and proportion, 
of the component parts, affect the degree of moisture. 
The forester can do much, either to preserve the mois- 
ture in the soil by excluding or reducing the agencies 
which consume moisture, or, if moisture exists to excess, 
by accelerating its consumption. 

The absolute quantity of moisture required annually by 
each species is not yet known, hut experience lms shown, 
that a fresh soil with, as far as practicable, an even 
and constant degree of moistnre suits most of the species 
enumerated above. For the rest, Hess classifies them 
as follows : 

Most moisture in the soil demand: Common Alder; 
next to this Ash, most Poplars and 'Willows. 

Moist soil like: Combran Pine, Weymouth Pine, 
Hornbeam, Elm, Lime, Mountain Ash. 

Fresh soil like : Silver Fir, Spruce, Laveh, Beech, Oak, 
Maple, Sycamore, Sweet Chestnut, White Alder. 

On dr;/ soil thrive : Scotch Pine, Black Piue, Birch, 
Acacia, Aspen. 

4. A suitable Chemical Composition. 

Apart from water and gases, the soil consists of 
mineral and organic substances. Theso affect tbe develop- 
ment of the trees partly by providing nourishment and 
partly by affecting the physical qualities of the soil. 
Woody plants take by far the greater portion of their 
nourishment from ttyc air, more especially carbon, hut a 
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certain portion, including tlio mineral substances, is 
derived from tlio soil. Hence it is of importance to 
ascertain the actual quantities of suoli substances in tho 
plant. Tlio contents of mineral substances vary in 
different parts of the tree ; thus wood taken from the 
stem contains generally less than 1 per cent, of ashes 
(according to weight), branches and twigs about 2 per 
cent., bark alone 2 — 3 per cent., and leaves and needles 
from 4 — 6 per cent. Ebermayor* gives tho following 
quantities of the more important substances, which an 
avorage crop takes from tho soil, per aero and year : — 


Table showing rnn principal Mineral Substances taken akncally 
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The data of this table iustify the following 
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(1.) Tlio substances required by forest trees aro, 
qualitatively, tlio same as those required by field crops. 

(2.) Beech high forest requires for the production of 
leaves and wood, quantitatively, nearly as much mineral 
substances, as an avorago field crop ; it requires, more 
Lime, but much less of the rarer substances, such as 
Potash and Phosphoric Acid. 

^8.) Conifers requiro smaller quantities, especially 
Scotch Pine, which is satisfied with about one-fourth of 
those wanted by Beech. 

(4.) For the production of wood nlono (excluding the 
loaves) forest trees require much smaller quantities, than 
field crops. Thus Beech takes only one-ninth, Scotch 
Pine about ^lli, aud the six species enumerated on an 
average about jMh of the quantity required by field 
crops. Of the rarer substances, Potash and Phosphoric 
Acid, trees take, on an average only about ^th of the 
quantity necessary for field crops. 

(5.) Almost any soil con furnish a sufficient quantity 
of mineral substances for the production of a crop of 
trees, provided the leaf mould (humus) is not removed, 
aud good soils will continue to do so, oven if a cortain 
portion of the humus is taken away. If, however, the 
removal of leaf mould is earned on annually and for a 
long period, any but really forlilo soils arc likely to 
become exhausted, just as lands, on which field crops are 
grown, cannot as a rule go on for ever without manuring. 

(G.) Poor soils, which are not capable of producing a 
crop of broad leaved trees, may yet be able to yield a 
fair return if planted with less exacting^ Conifers, 
especially Scotch Pine. 
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The above conclusions agree with the results of 
practical experience. It has been found, that the 
quantity of wood production is not directly propor- 
tionate to the quantity of mineral nourishing substances 
in the soil. Again, -woods thrive equally -well on soils 
of the most different geological origin, while great 
differences exist in the development of one and the same 
species if grown on soils of the same geological origin. 
These phenomena arc explained by the great import- 
ance of the physical qualities of the soil, depth, porosity 
aud a proper degree of moisture. To ensure a favour- 
able condition of the physical qualities should, therefore, 
he the forester’s chief aim, and this he can do best by 
preserving the humus, especially on middling and poor 
soils. It increases the depth of the soil, absorbs from 
the atmosphere considerable quantities of aqueous 
vapour, Carbon Dioxide and Ammonia ; it is capable of 
holding a large measure of water, which it gradually 
gives up to the lower layers of the soil ; it loosens too 
firm a soil, and gives somewhat more consistency to a 
soil which by itself is too porous ; finally it moderates 
the extremes of cold and heat. The poorer a soil the 
more important is the preservation of the humus, pro- 
vided it is not acid. 

5. Summary. 

Taking now all the demands which forest trees make 
on the soil, as a whole, it may he said that all species 
like a soil which is minerally strong, deep, porous, fresh, 
warm, and rich in humus, such’ as a mild loam soil with 
a good layer, of humus. Some species find the necessary 
conditions more on one class ‘of soil than on another; 
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for instance, Beech, Ask, Elm, Maple, and Black Bine, 
like a certain quantity of Lime in the soil, probably less 
on account of its chemical composition than of the- 
physical qualities which an admixture of Lime produces. 
Coniferous trees, on the other hand, arc more frequently 
found on loamy and sandy soils. 

Though all trees like a good fertile soil, the several 
species differ considerably as to the minimum of fertility 
with which thoy can thrive ; that is to say, some are 
more exacting in their demands than others. In this 
respect Hess gives the following scale : — 

Least exacting are: Black Bine, Scotch Bine, Wey- 
mouth Pine, Birch, Boplars, Tree Willows, Moun- 
tain Ash, Acacia. 

The transition to the next class form : Mountain- 
Bine, White Alder. 

Middling exacting arc : Spruce, Cembran Bine, Larch, 
Common Alder, Lime, Osiers, Horse Chestnut, Hazel. . 

The transition to the next class form : Hornbeam, 
Maple. 

Much exacting arc : Silver Fir, Beech, Sessile Oak, 
Sycamore, Ash, Elm, Sweet Chestnut, and English 
Oak. 

s 

It will bo observed that the valuable broad-leaved 
species are, on the whole; more exacting than the soft 
broad-leaved species and the Conifers. 

Any classification like that given above must, how- * 
over, be received with some caution ; its object is merely 
to give a general idea of the subject. In practice devia- 
tions occur constantly, according to the local, conditions 
under which trees grow. 
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Section V. — Effect or Eorest Vegetation on the 

Locality. 

It has been shown in the previous sections that the 
condition of tho locality governs the growth of forest 
trees. It is now necessary to look at the effect of forest 
vegetation on the locality, more especially on two of its 
factorsr— humus aud moisture. This effect is chiefly 
produced by the following two agencies : — 

(I.) The protection which growing woods afford to the 
soil and adjoining lajmrs of air ; and 

(2.) The liumus which is formed by the fall of the 
leaves, flowers, fruits, etc., and by certain plants which 
grow under tlie shelter of tho trees. 

In well-stocked or crowded woods the crowns of the 
trees form a thick leaf canopy, or complete cover over- 
head. If the trees are all of the same ago and height, 
the leaf canopy is at a uniform height above the ground, 
that height being at first small, but increasing with age. 
In woods of uneven age tho cover is of a somewhat 
different nature; it consists of groups of crowns at 
varying distances from tho ground. In cither case the 
cover overhead protects tho soil and adjoining layers of 
air against sun and wind; in even aged woods more 
against sun, and in pnevon aged woods more against 
wind. 

Again, ihe trees shed their leaves, flowers, fruits, and 
even branchlets, while mosses and other plants, which 
thrive under tho shelter of the' leaf canopy, die, thus 
forming a layer of humus on the soil. Einally the roots 
of tho trees penetrate into the soil and keep it together. 
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The shelter from above, the humus od. the soil, and th< 
roots of the trees together produce certain effects, wbicl 
may be summarized as follows : — 

(1.) The temperature of the soil and the adjoining 
section of air is lowered during the day and raisec 
during the night; hence the extremes of temperature 
are moderated, and the climate rendered more equable. 

(2.) The mean temperature of the soil and the adjoin- 
ing air is lowered ; the reduction is greatest in summer, 
next in spring, next in autumn, and it is slight in winter, 
It is also greater in the soil than in the adjoining section 
of the air. 

(3.) The rolativo humidity of the air is increased, the 
evaporation from the soil reduced, and precipitation pro- 
bably increased. 

(4.) Noxious forest weeds are kept in check. 

(5.) A favourable degree of moisture in the soil is 
maintained. 

(6.) A steady and suitable progress in the decomposi- 
tion of the humus is ensured. 

(7.) An additional supply of organic matter, taken by 
the plants from the atmosphere and brought into the soil 
by the falling leaves, flowers, fruits, and twigs, decaying 
mosses and other plants, is procured. 

(8.) The soil is protected against the mechanical action 
of water and air currents. 

In order to produce these effects in a high degree, it 
is necessary that the leaf canopy should be dense, so 
that it not only keeps out sun and air currents, but also 
yields a heavy fall of icaTes-„for the production of humus. 
Only certain species of forest trees possess these two quali- 
fications. During youth most species answer, ’no doubt, 
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very well ; with advancing ago, however, the crowns are 
not only lifted higher and higher from the ground, but 
most species thin out considerably. The result is, that 
the leaf canopy becomes more and more interrupted and 
thinner, followed by a crop of noxious weeds, or too 
rapid decomposition of the humus, accelerated evapora- 
tion of tlio moisturo, and generally a reduction of the 
fertility of the soil. To prevent such results, the forester 
must either cut over the wood before the process of 
thinning-out has proceeded too far, or he must cultivate 
species which are capable of maintaining a complete 
cover overhead up to an advanced ago. 

Amongst the timber trees with which this booh deals, 
Beech, Silver Fir, and Spruce arc the three species 
which, above all others, preserve a complete leaf canopy 
until, or near <0, maturity. These arc shade-hearing 
species. All other species are, with certain modifications, 
less capable of preserving tho factors of the locality ; 
the greater their light requirement and the thinner their 
crowns, the smaller their capacity in this respect. Those 
least suitable are Birch, Poplars, Acacia ; next Willows, 
most Pines (with advancing ago), Larch, Elm, Maple, 
Sycamore, Oak, Ash, Alder. 

The production of humus from falling leaves is greater ’ 
in woods consisting of broad-leaved species than in coni- 
ferous woods, because tho mores important broad-leaved 
species ave deciduous and shed the whole of their foliage 
every year, while, will] tho exception of Larch, the 
Conifers are evergreen. Tho Silver Fir sheds about one- 
ninth of its foliage annually,' Spruce about ono-soventh, 
the Pines about one-third^ to one-fourth. The pre- 
eduction of humus from falling leaves is, generally 
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speaking, greatest when tlio rate of height-growth 
culminates. 

The accumulation of humus depends greatly on the 
rapidity with which tlie leaves are decomposed, a process 
which is regulated by the speoics, degree of cover over- 
head, and tlie character of the locality. Generally 
speaking, needles decompose moro slowly than leaves. 
Of needles, tlioso of the Larch decompose quickest, next 
perhaps those of Weymouth Pine, Scotch Pine, and 
Black Pine, last those of Silver Pir and Spruce. Of 
leaves, those of Ash, Alder, Hornbeam, Lime, and Hazel 
decompose quickly ; more slowly the leaves of Oak, 
Birch, and Sweet Chestnut. The leavos of Beech stand 
perhaps half-way, but as Beech woods enjoy a dense 
shade, their accumulation of humns is much greater 
than that found in Oak or Birch woods. On elialk and 
sandy soils the decomposition of tlio humus is quicker 
than on loam and clay soils. It is also quicker in warm 
low lands than in vapoury mountain regions. The most 
suitable, or normal, time for the process may be put at 
two to tlu-ce years, when the most favourablo results in 
respect of quantity and quality of humus are produced. 

A few words about each of tho more important species 
will not ho out of place hero : — 

Beech improves tho soil in tho highest degree, because 
it has a donso crown and yields a heavy crop of leaves, 
which decay .slowly. Beech woods, if undisturbed, 
show a thicker layer of humus than woods of any other 
species. 

Hornbeam approaches Beech in this respect, though it 
does not equal it. 
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Lime gives good slmde and a heavy crop of leaves, but 
its timber is of such inferior quality that it is not planted 
for economic purposes. 

Sweet Chestnut sheds a heavy crop of leaves, but the 
leafy canopy is comparatively incomplete, admitting too 
much sun. 

Oak and all other broad-leaved timber trees have too 
thin a leaf canopy to do justice, generally speaking, to 
the locality. 

Silver Fir and Spruce arc capable of preserving a 
dense cover overhead up to an advanced age. 

Evergreen Conifers , other than Silver Fir and Spruce, 
though they may not possess a dense leaf canopy, are 
often capable of preserving the fertility of the soil for a 
certain poriod, because, under their half shade, mosses 
grow, which protect the soil just as well as a thick layer 
of leaves. When the Conifers begin to thin out to somo 
extent, the mosses disappear gradually; hence these 
species should not by themselves be treated under a 
high rotation. Of the Conifers which aro here spoken 
of, Weymouth Pine, Black Pine, Cembran Pine, and 
Mountain Pine have a fairly dense leaf canopy, and 
yield a considerable crop of needles, inoro especially 
Weymouth Pine. Scotch Pine has a thinner crown, 
r and a tendency to open out after tho age of thirty or 
forty years, when tho moss is liable to disappear and 
to be replaced by a crop of grass. At tho same time 
the density of the leaf canopy of this tree differs voiy 
considerably according to the conditions under which it 
is grown. The Scotch Pine grown in tho moist climate 
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of England and Scotland gives a much denser cover 
than when grown in dry continental climates. 

Larch provides but a thin leaf canopy in summer, and 
is leafless in winter. It commences to thin out at an 
early age ; the moss disappears quickly, and the needles 
decay rapidly, so that the tree is unfit for preserving "the 
fertility of the soil. 

i 

The power of preserving the factors of the locality 
which is peculiar to the several species, governs their 
adaptability to be raised in pure woods, a subject which 
will be dealt with in Chapter III. of this book. 

Section YI. — Assessment or the Quality or the 
Locality. 

It is the duty of the forester to select that species 
which is best adapted for cultivation in any particular 
locality, and in order to attend to this duty successfully, 
means must be provided by which the quality, or yield 
capacity, of the locality can be readily ascertained. ’ 
Yarious methods have been proposed for this purpose, 
of which the following two shall be shortly considered 
here : — 

(1.) Assessment according to the several factors of the 
locality. 

(2.) Assessment according to a crop of trees already 
produced on or near the locality. 

Whenever the second method is possible, it should bo 
followed j only in the absence of a forest crop should the 
first method be adopted. 
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A third method may ho mentioned hero. It lms 
hcen proposed to assess the quality according to the 
natural appearance of certain plants, which would depend 
either on the presence in tlio soil of certain substances, 
or on a certain condition of the soil. Though this holds 
good to some extent, the method of assessment is without 
practical value in Sylviculture, and it need not, therefore, 
he dealt with in this place. 

1. Assessment of the Locality according to its several 
Factors. 

The factors of the locality naturally arrange them- 
selves into two groups, those of the climate and those 
of the soil and subsoil. 

As regards climate, it is necessary to ascertain : 

\ 

(a.) The geographical position of the locality, that is 
to say, the latitudo, aud in sonic cases, the 
longitude. 

(A) The local peculiarities of the locality, such as 
altitude, aspect, slope, surroundings, tempera- 
ture, moisture in the air, rainfall, exposure to 
cold or dry winds, susceptibility to late or early 
frosts, etc. 

All these matters have been dealt with in Section II. of 
tliis Chapter. 

Turning now to the soil, the following points, aft in- 
dicated in Section TTI., require attention : — 

(«.) The depth of the soil. 

' (A) The degree of porosity. 

(c.) The degree of moisture peculiar to tlio soil. 

(d.) The chemical composition, 
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A detailed examination of tlie factors of the soil is a 
complicated and difficult operation, which it is not 
intended to describe here. There is, however, a some- 
what rough and ready method, which generally suffices 
for sylvicultural purposes, and which shall he shortly 
indicated. 

The most convenient way of examining the soil is to 
dig a hole, if possible in a spot which promises to yield 
average results. On generally level ground the spot 
should be selected on a uniform part of the area, that is 
to say, neither- in any small depression nor on any slight 
elevation which may exist. In hilly or mountainous 
localities, separate holes must be dug on the ridge, the 
slope, and at the bottom of the valley. The depth 
of the hole must be at least equal to the depth to 
which the roots penetrate, that is to say, 3 to 4 feet. 
“Where rock is met at a shorter depth than this, its 
stratification and general composition should be ascer- 
tained, as well as its effect upon 'the regulation of mois- 
ture and the stability of the trees. One side of the hole, 
at any rate, should bo perpendicular, so that the thick- 
ness of the successive layers of the soil can bo measured 
in so for as they are indicated by different colour, dif- 
ferent degree of cohesion, and other outward signs. 
The depth to which the soil is coloured dark by humus 
should be specially noted. 

This operation will show whether the soil is sufficiently 
deep to admit of a proper spreading of the roots, and 
if not, the examin ation of the subsoil will indicate 
how far the latter can make up for the shallowness of 
the surface soil. _ The same operation will indicate what 
effect the depth and nature of the soil has on the degree 
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of moisture, Next the degree of division, or the nature 
of the grain of the soil, must he ascertained. This can 
ho (lone by shaking a sample, if necessary of each suc- 
cessive layer, with about three times its volume of water 
in a graduated tube, until nil parts art* ihoroughl3 r 
separated ; the tube is then placed in a perpendicu- 
lar position and watched. As coarse grains settle 
quicker than fine grains, it follows, that the time com- 
pared with tlie thickness of the deposit indicates the 
degree of division of the particles. A high degree of 
division indicates a stiff soil, the presence of coarse 
grains the reverse, and thus an idea can be formed of 
the degree of porosity. 

If necessary, the capacity to absorb water, to attract 
it from the subsoil, to retain it, and the hygroscopicily 
of the soil can be ascertained by special experiments, 
hut in practical Sylviculture tboy arc rarely called for. 

The exact composition of the soil can only be ascer- 
tained by means of a detailed chemical analysis, In 
practice tho forester can easily acquire the faculty to 
distinguish between the several constituents in a rongli 
and ready manner. He recognises: Clay by ft high 
degree of cohesion, ft fatly feeling, active absorption of 
water while emitting a clayey smell, slow dissolution in 
water, slow drying followed by cracking, a grey colour, 
etc. ; Loam by a lessor degree of cohesion than in the 
case of clay, rougher feeling, quicker dissolution in 
water, and generally a more reddish colour ; Lima by 
active effervescence if treated with an acid, poro’rify, 
light, whitish to greyish-white colour, which is, however, 
frequently tinned red by iron, a rough' but fme-grained 
feeling, etc.; Rand by very slight cohesion, grindiug 
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between tie teeth, or hard grainy feeling, immediate 
dissolution in water and rapid settling down in it, a 
light, glossy, shiny, ycllowish-whito colour, often con- 
verted into rod by iron, into white by lime, into black 
by humus ; Humus by its porosity and light weight, 
peculiar smell like that of fresh garden earth, rapid 
dissolution in water, which remains darlc-colourcd for a 
long time, blackish colour which disappears on roasting; 
Iron by red colouring, etc. 

In older to recognize more easily the principal con- 
stituents of a soil and their proportion, a sample may be 
mixed with about twico its volume of water, avcII stirred 
until completely dissolved, and then allowed to settle. 
At the bottom of the glass tube the following deposits 
will be observed, beginning with the lowest : — 

First : The rougher grains of Sand. 

Second: The finer grains of Sand. 

Third: Lime and the coarser Clay. 

Fourth : The finer Clay and particles of Humus. 

The thickness of the layers indicates the proportion of 
each substance. 

In spite of the most persevering attempts, experience 
has shown that the assessment of the locality in tho 
manner indicated ahovo is always subject to grave 
errors, because the various factors may compensate each 
other, replace one another, or may bo altogether uu- 
asscssable. To make matters worse, the factors are 
rarely the same over extensive areas, but change from 
one spot to another. On the whole, the method which 
has just been indicated can only servo as a make-shift 
when no better means of assessment are available, or as 
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a help in tho application of the method now to bo 
described. 

2. Assessment of the. Locality according to a Crop of 

Trees. 

When a locality has already produced a crop of trees, 
it may be assumed that, unless extraordinary events or 
irregular treatment have interfered with the develop- 
ment of the trees, the effects of all tho factors of the 
locality have found due expression in such crop, which 
is therefore the best guide for the assessment of the 
quality, or yield capacity, of the locality. If, for 
instance, an acre of ground has produced a total quantity 
of 5000 cubic feet of wood in tho course of 100 years, 
tho quality, or annual yield capacity, is represented by 
Wo° = 50 cubic feet per annum, in other words by the 
moan annual production. 

The applicability of this method depends principally 
on the following three conditions : — 

(a.) That the oxistiug wood has grown up under 
normal conditions ; in other words, that no extraordinary 
disturbing events have occurred which affected the 
health and development of tho crop, as for instauce, 
damage by cattle or dcer ? insects, fire, theft, romoval of 
litter, faulty treatment, etc. 

(6.) That tho factors of the locality have not under- 
gone any decided change, either for the hotter or vtorse, 
since the existing crop was created; for instance, the 
stock of humus or the degree of moisturo may have 
been affected by external interference. 

• (e.), That the oxisting crop is of a sufficient age to 
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make sure that the factors of the locality have found 
a thorough expression in the existing crop, since a wood 
may thrive well up to a certain age and then fall off 
considerably. 

Whenever these conditions exist to a fair extent, the 
method of assessment is the best which is at the forester’s 
disposal ; and in its application ho need not restrict 
himself to a crop actually growing on tho area, hut 
he may be guided by one growing on a neighbouring 
piece of land, provided the general conditions are the 
tame in both eases. 

A great quantify of data bearing on tho yield capacity 
of land has, in llic course of time, bccu collected and 
brought together in so-called M Yield Tables that is to 
say, tables which indicate the yield which an acre of 
land may reasonably be expected to give according to 
whether it belongs to ono or the other quality. By way 
of illustration u table is given below, which indicates 
tho final yield (exclusive of thinning) of Scotch Bine 
woods in Germany; the localities arc classed into five 
qualities, and tho figures present the mean of very 
numerous measurements. 
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Assuming fliat a Scotch Pine forest contains, when 
60 years old, on a fully stocked acre 4,000 cubic feet of 
timber and fagots, then the locality on which it grows 
belongs to the III. quality ; if it contained 6,420 cubic 
feet, it would belong to the IT. quality. If the number 
of cubic feet fell between these two figures, it would be 
classed as of that quality which it approaches nearest. 
For instance, if the growing stock came to 6,1 00 cubic 
feet, the locality would belong to the II. quality; 
if 4,500 it would bo placed into the III. quality. 

How tables of this land are prepared and used is 
described in works on Forest Working Plans. Some 
information on the subject will also be found in a 
pamphlet published by the author and entitled “ Yield 
Tables for the Scotch Pine.” 4 ‘ 


* W. H. Alloa &. Co., Waterloo Hare. London, 1SSS 



CHAPTER II. 


SirAPC AND DEVELOMtEXT Or rOREST TREES. 

In dealing with the shape and development of forest 
trees, it is assumed that the student has already acquired 
a botnnieal loiowlodgc of the several species, so that hero 
only their sylvicultural characteristics need be described, 
moro especially the shape peculiar to each species, the 
height, diameter and volume-growth, tho lease of life and 
the reproductive power. 


1. Shape. 

Different species of trees naturally develop different 
shapes. Some species, like Spruce, Silver Fir and Larch, 
have a decided tendency to form a strong stem in prefer- > 
cncc to tho development of the crown. Others, like 
English Oak, Lime and Sweet Chestnut, dovelop their 
crown in preference to the stem. Tho actual shape 
depends, however, on a variety of influences, amongst 
which the following may ho mentioned - 

t 

a. Growing Space. 

The individual character of a tree can he best recog- 
nized if it has grown up in a free position, so that its 
^natural development lias not been interfered with. When 
trees linvo been reaxed in this way their shapes can bo 
arranged into the following classification : — 
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An undivided stem throughout have : Spruce, Silver Fir, 
Larch, also Weymouth Pino. 

Divided in the tipper part only arc: Scotch Pine, Alder, 
Beech, Scssilo Oat, Black Poplar, Ccmhran Pine. 

Divided somewhat lower down arc : Ash, Maple, Syca- 
more, Elm. 

Decidedly 1/ranchkg with a divided stem comparatively 
low down: English Oak, Lime, Sweet Chestnut, 
Hornbeam, Mountain Pine. 

The shape is considerably altered when the trees are 
grown in crowded woods, where each enjoys only a 
limited growing spaco. In that ease all species have a 
greater tendency to the development of stem than of 
crown, and this in the samo proportion ns the species is 
light demanding, and the growing space reduced. Thus 
tlio crown of the Silver Pir covers often the whole of the 
upper half of tho tree, that of Spruce the upper third 
(and generally a little more), also that of Beech and 
Hornbeam; the crown of Larch, Scotch Pino, Oak, 
Birch and Aspen is reduced to the uppermost part of 
the stem. The effect is, that tho more elevated the 
crown is, the nearer will the shape of the bole approach 
that of a cylinder, and consequently the more valuable 
will it he. 

i b. Age. 

All species, when grown in crowded woods, develop 
during the early part of life a conically shaped crown, 
hut when they approach llicir full height tho crowns* 
differ considerably, so that tho following classification 
applies : — 
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A conical croton with thin branches have: Spruce, Silver 
Fir, Larch. 

An egg-shaped croton have : Elm, Beech, Maple, Syca- 
more, Birch, Sessile Oak. 

An inverted broom shape , horizontally extended , with 
strong branches , have : English Oak, Sweet Chestnut, 
Black Poplar, Lime. 

After the height-growth has Been completed the 
crowns of all trees Become flat or rounded off, more or 
less extending in Breadth. Only Spruce makes an 
exception, as the leading shoot continues to grow up to 
a great age, though very slowly. 

The practical conclusion to Be drawn from these 
peculiarities is, that only shade-hearing species, which 
are satisfied with a limited growing space, are capable 
of preserving a complcto cover up to an advanced age, 
such as Silver Fir, Spruce, Beech, and also Hornbeam. 
Much inferior in this respect are Ash, Maple, Sycamore, 
Scotch Pine and Larch, chiefly Because they are light- 
demanding. If to the demand for light is added a 
strong tendency to develop Brunches, then the interrup- 
tion of the cover* occurs early, as in the case of Oak 
(especially English), Birch, Sweet Chestnut and Alder. 
This tendency is the more pronounced the less suited 
the locality is for the species. 

c. Soil. 

The nature of the soil influences the shape of the frees 
in the case of all species. Fresh, deep, fertile soils 
encourage height-growth. Shallow, rocky soils produce 
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•only short stems ■with, a tendency to divide the stem and 
to develop branches. 


d. Situation. 

The development of stem decreases with rising eleva- 
tion, while that of branches increases. At great eleva- 
tion the shape is reduced to that of a shrub or bush. 
Similar phenomena are observed on proceeding north, 
imd in localities exposed to cold winds. Trees exposed 
to continuous strong winds, as near the sea coast, assume 
often a one-sided shape. 

Somo species aro frequently forked, as Ash, False 
Acacia, and also Elm. Cetnbran Pine often shows a 
candclabra-like shape, especially in stony situations. 


2. Height- Growth 

The energy of height-growth differs not only accord- 
ing to species, hut is also subject to considerable modifi- 
cations in the case of one and the same species, according 
to the ago of the tree, the locality, method of creation 
and of treatment. 


' tt. Species. 

Amongst the trees of Central Europe, Spruce, Silver 
Fir, Larch, ‘Weymouth Pino and Scotch Pine attain, the 
greatest height ; they frequently reach a height of 120 

feet and more. 

> 

Next come: Oak, Ash, Beech, Lime, Maple, Sycamore;' 
then’ Elm, Poplur, Birch. These species rarely 
exceed a height of 110 feet. 
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Next come : Black Pino, Cembran Pine, Hornbeam, 
Alder, Willow. They do not, as a rule, exceed 
75 feet in height. 

b. Age. 

The energy of height-growth during the first part of 
life is of special importance in sylviculture. Generally 
the light-demanding species are at this time faster 
growing than the shade-boaring species. Assumin g 
favourable conditions of growth as found in the natural 
home of each species, they may during youth be 
arranged as follows,* commencing with the fastest 
growing kind : — 

Birch, Larch. 

Aspen, Alder, Maple, Sycamore, Ash, Lime, Elm. 

Weymouth Pine. 

Scotch Pine. 

Black Pine. 

Oak, Sweet Chestnut. 

Hoi'nbeam. 

Beech. 

Spruce, Cembran Pine. 

Silver Pir. 

Tow. 

As soon as the first youth, say up to 20 or 30 years, 
has been passed, a considerable change occurs. Some 
species, like Larch, and under favourable circumstances 
also Scotch Pine and Birch, preserve their fast growth 
until they have completed their principal height-growth. 

Others, like Cembran Pine and also Hoi’nbeam, remain 


According to Onjer. 
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slow height-growors throughout lifo. The majority of 
species, however, increase their rate of height-growth 
considerably, and this is specially pronounced in Spruce, 
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Silver Fir, also Beech and Oalc, so that they soon reach 
and surpass trees lifco Ash, Maple, Sycamore, Aspen, 
which do not grow at the, same rale. 

The duration of height-growth in the more advanced 
periods of age is greatest in those species in which the 
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development of stem naturally predominates over that of 
the crown, such ns Spruce, Silver Fir and Larch, and 
these species reach ultimately the greatest height. 

Amongst broad-leaved species, Sessile Oak, Elm and 
Beech preserve their height-growth longest. In the 
case of the other broad-leaved species, the crown, is 
rounded off at an earlier period, when height-growth 
ceases. 

c. Isocaliti/, 

The factors of the locality have a decided effect upon 
height-growth. It has already been pointed out that 
deep, fresh, fertile soils produce much higher trees, than 
shallow, dry, rocky soils. Elevation exercises also a 
considerable influence. It may be said that every species 
show's its greatest height-growth at that elevation which 
offers the most favourable climatic conditions for its 
growth ; above that elevation tho height-growth decreases, 
and in many eases also below it. In situations exposed 
to -strong air-currents and other unfavourable influences, 
height-growth is comparatively small. 

d. Methods of Creation and of Treatment. 

They affect the height-growth principally on account 
of tlicir effeot upon the establishmentand preservation of 
a complete leaf canopy. The more complete tho cover, 
the hotter will bo the effect upon the height-growth of 
most broad-leaved species, Scotch and other Pines; it 
is less pronounced in the case of Silver Fir*, Spruce and 
Larch. In this respeot tho manner in which thinnings 
are conducted is of paramount importance, a subject 
which will bo dealt with in Port III. of this Manual. 
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3. Diamdcr- Growth. 

Generally speaking, the increase of the diameter of 
the stem (or bole) is, in tho case of all species, fairly 
proportionate to the height-growth, that is to say, both 
height- and diameter-growth are greatest at tho same 
period of life. In tho case of light- demanding species 
the dinmeler-incrcmcnt often reaches its maximum be- 
tween the 20th and 30th year of age, a good increment 
being maintained up to the 50th or 60th year, when it 
commences to fall off. Shade-hearing species and Oak 
reach (he maximum diameter-increment later on, but it 
is also longer maintained, often up to the 90th year, 
before it commences to fall off to an}' considerable 
extent. > 

Apart from species, the diameter-increment depends 
on — 

(a.) the quality of the locality, and 

(b.) the amount of light which tho tree receives and 
can utilize, in other words tho extent of the 
crown, which is governed by tho growing 
space. 

i 

» 

Limited space in a crowded wood reduces tho diameter- 
increment, a free position increases it; henco height- 
grOwth ami' diameter-growth demand in most ensos oppo- 
, site conditions. It is the business of the Forester to give 
tho most profitable growing space, in other words to give 
to the individual trees from time to time sufficient room 
to encourage diametor-growth, without endangering tho 
progress of the height-growth. 
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The effects of a great surface of foliage and unimpeded 
enjoyment of liglxt arc very remarkable, when healthy 
trees, which have been raised in a crowded wood, are 
gradually given more growing space. Such an opening 
out can even produce a revival of the diameter-increment, 
after its maximum has been passed, provided the period 
of height-growth has not come to an end. 

Where both great height and diameter-growth arc 
wanted, it is best to keep tho wood crowded during 
youth, and to give only a moderate growing space to 
each tree until towards the end of tho principal height- 
growth, when the growing space of each remaining tree 
should he gradually increased, so as to develop more 
extended crowns and greater diameter-growth. This is 
only possible while height-growth is still going on; 
once that lias stopped, the thinning out will not he 
followed by any appreciable extension of the crowns, 
which can only he produced by transferring to it the 
energy of height-growth. Tho possibility of such a 
transfer is longest preserved in Silver Fir, Spruce, Larch, 
Oak, and Beech. 


4 . Volume- Growth. 

The increase in volume depends on both height- and 
diameter-growth, and that method of treatment which 
promotes each in due proportion, must ultimately yield 
the largest volume ; in other words, woods should be 
neither too crowded, nor too open. In the one case thin 
tall tines, and in the other short thick trees, would be 
produced. The most favourable .density of the crop can 
only he ascertained by accurate statistics. General ex- 
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pcrience lias shown that tlio greatest volumo is ultimately 
obtained, if the woods are at first crowded to produce 
height-growth, and afterwards more open to add diameter- 
growth. 

Apart from these general considerations, a great dif- 
ference exists in the volumo produced by the several 
species when grown in regular woods; and in this 
respect some of the more important lands may, accord- 
ing to the latest investigation, he arranged in the fol- 
lowing manner, commencing with that species which 
produces the greatest average increment, calculated for 
a prolonged space of time : 

Silver Fir. 

Spruce. 

Larch, Weymouth Fine. 

Scotoh Fine. 

Beech. 

Oak. 

Ash. 

Birch. 

Hence, coniferous woods are called fast growing, as 
compared with woods which consist of broad-leaved 
species. 

The increment laid on by an individual tree does not 
by itself govern the increment produced per acre, because 
tho latter is represented by Iho increment portrcc, multi- . 
plied by the number of trees per acre. For instance, if > 
. an acre of ground can hold 100 mature Silver Firs, ‘each 
of which has a volumo of 100 cubic feet, the total 
volume per acre will be 10,000 cubic feci ; if au acre 
can bold 50 mature Oak trees, each with a volumo of 150 
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cubic feel, tlic total volume pci" aero will he only 7,500 
cubic feel, or 2,600 cubic foot less than in the ease of 
Silver Fir. 

Tho number of trees which find room on an acre of 
ground depends chiefly on :■ — 

(a.) The light-requirement of tho species ; and 

(b.) The tendency of the species to develop the crown 
in preference to the stem. 

Hence, an acre slocked with the light-demanding 
Birch, Ash, or spreading Oak, contains a smaller number 
of trees and a smaller volume than an aero stocked with 
Beech. Again, Larch and Scotch Tine woods contain 
fewer trees and a smaller volume per aero than Silver 
Fir and Spruce woods. The following data will illus- 
trate this; they give the average growing stock per 
fully stocked acre at the age of 120 years, in localities 
• of the first quality in each case : — 

Silver Fir = 17,400 cubic feet per acre. 

Spruce ss 14,500 „ ,, „ „ 

Scotch Pine = 0,780 „ „ ,, 


5. Duration of Life . 

A great difference exists in tho age which the various 
species attain ultimately. If grown under conditions 
which are in harmony with (heir requirements, the Tew 
lives for more than 1000 years, the v 0ak comes often, 
near that age, if it docs not exceed it; Lime, Elm and 
Sweet Chestnut reach and surpass an ago of 500 yeiu’s; 
Bcceli reaches a similar 1 ago under favourable eireum- 
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stances, but ordinarily both Bceeli and Silver Fir 
die before that age. A limit of 500 years may 
bo assigned to Ash, Maple, Sycamore, Spruce, Larch, 
Scotch Fine and Hornbeam; while Aspen, Birch, 
Abler and "Willow live, under ordinary conditions, rarely 
more than 100 years. 

In Forestry the trees are, as a rule, out over long before 
the}' have reached the natural end of their life. Never- 
theless many cases occur, where trees have been grown 
under conditions whie.U are not quite in harmony with 
their requirements, so that they die, or at any rate fall 
off in health and growth, long before they would, in the 
ordinary course, be cut over ; hence it is of importance 
to consider the conditions under which (he growth con- 
tinues to be healthy to an advanced ago : — 

Jn the first place, the nourishing organs, crown and 
roots, must be able to develop normally in accordance 
with the requirements of the tree at the different periods 
of ago ; In other words they must bo given at all times 
the required growing space, without, however, cheeking 
their hoightgrowlh or interrupting tho coyer overhead. 
Unless a tree is provided with a sufficient quantity of 
organs, it wilt not ho able to overcome successfully in- 
ternal and external damage which endnngcis its life. 
The power of resistance in this respect differs consider- 
ably in tho various species. It is great in Oak, Lime, 
"Willow, Klin, Tew, Gembrau Fine, but small in Alder, 
Maple, Sycamore, Beech, Spruce. 

The second condition of longevity is. that tho locality 
should offer to the tree all it requires for a proper deve- 
lopment. On tho whole it iqa£ be assumed that where 
a tree is indigenous, it finds all il Acquires' (though this 
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is not without exceptions). Localities with different 
factors are liable to be unsuifed to the species, either 
from offering too little or too much in respect of tempe- 
rature, moisture, contents of nourishing substances in the 
soil, depth, etc. Either case may be injurious to the 
■development of the tree, and especially to the quality of 
the timber produced. For instance, Larch and Spruce are 
naturally fond of a eool climate ; by transferring them 
to the dry and warm air of the low lands, they generally 
grow much quicker, but they yield inferior timbei', are ' 
shorter lived, and subject to moi*e dangers, than in their 
mountain home. 

Trees raised in fully stocked compact woods do not 
live as long as when raised in the open. Moreover, in ' 
that case various other important considerations must be 
taken into account. After having weighed these, the 
forester decides on the ago limit which is most likely 
to realize the objects of management. 

What the objects of management are has been indi- 
cated in the Introduction of this Part. It will suffice to 
add here, that they govern the determination of the 
Xi Rotation” or the time which elapses between the 
oreation and final cutting over of a wood. Whatever 
motives may influence the selection of the rotation from 
a sylvicultural point of viow, it must always bo remem- 
bered, that it should be so fixed under the method of 
natural regeneration as to admit of a proper regeneration 
of the wood, whether by seed or coppice shoots j in 
other words the wood must be cut over while the repro- 
•ductive power of the' species is in an active condition. 
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C. Reproductive Power. 

The tendency to reproduce the species manifests itself 
throughout nature ; in fact the energy devoted to repro- 
duction is frequently stronger than that bestowed upon 
the preservation of life. The forest trees, in obedience 
to this law, produce seed during a considerable part of 
their life, and in large quantities. 

In Sylviculture, the reproduction of trees and woods 
is effected in two distinct ways, namely : — 

(a.) From seed ; or 

(b.) From shoots which spring from the stool, fol- 
lowed, in many eases, by the division of the 
mother plant. 

a. Reproduction from Seed. 

This is the more common form of reproduction, and 
on it depends the regeneration of high forest. 

The greater the production of seed, and tlie higher its 
quality, tho more assured is reproduction; both quantity 
and quality of the seed depend on the ago of the trees, 
the locality, the available light, and on tho species. 

(1.) Age . — Tho first point of interest is the time when 
tho various species commence to produce seed fit to 
germinate. Apart from single trees here aud there, the 
average period may bo placed as follows,* in the ease of 
trees grown in regular woods : — ; 

AtJhe age of 25 — 50 gears : Jdountain "Pine, Birch, 
"Wliite Alder, Aspen, Aenoin. 


1 * According la Ufa. 
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At the age of 30 — 40 years : Scotch Pine, Black Pine, 
Weymouth Pine, Larch, Maple, Common Alder, 
Lime, Horse Chestnut. 

At the age of 40 — 50 years : Hornbeam, Elm, Ash, 
Sycamore. 

At the age of 50 — 60 years : Spruce, Sweet Chestnut. 

At the age of 60 — 70 years: Beech. 

At the age of 70 — 80 years : Silver Pir, Cembran 
Pine, Oak. 

The most favourable age for the production of seed is, 
ordinarily, that when the principal height-growth is- 
about to be completed, and when an extension of the 
crown takes place ; in other words, when the individual 
tree lays on its maximum volume-growth. At that 
period the best seed is produced. Younger trees pro- 
duce larger but fewer seeds ; older trees produco more 
numerous but smaller seeds. 

(2.) Locality . — Temperature is of first importance; 
where that is deficient, the production of seed is seri- 
ously endangered. Tree seeds contain a comparatively 
large proportion of ashes, and their production necessi- 
tates increased assimilation of substances from the soil ; 
henco fresh fertile soils produce more and better seed than 
poor soils. 

Some species no longer produce seed fit to germi- 
nate (or only in small quantities) tvhen they have hecn 
cultivated beyond tho limits of their natural home, as, 
for instance, Sweet Chestnut' and Elm ‘in England. 
Other species arc very accommodating in this respect,, 
sucli as Birch and Scotch Pino. ' > 

(3.) Light . — Increased assimilation requires an in- 
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■creased amount ol light to the crown; lionco trees 
growing in the open produce more seed than those 
liommed in. Suppressed trees do not produce seed. 

(4.) Species . — The power of reproduction from seed ‘ 
differs considerabty in the case of different species; it 
depends on the total quantity of good seed produced 
during a certain period, or on an average anuually. 
The quantity of seed is governed by two things : — 

(1.) The average yield of each seed-year ; and 
(2.) The frequency of scod-ycars. 

As regards the average yield per seed-year, the species 
can bo arranged into two sections as follows * : — 

Heavy crops; Beech, Oalc, Spruce, Scotch Pine, 
Birch, Hornbeam, Elm, Alder, Aspen, Willow* 

Lighter crops: Ash, Maple, Sycamore, Silver Fir, 
Larch. 


On the other hand, the species may, ns regards fro- ' 
quency of seed-years, bo arranged as follows : 


Beech seeds only after intervals of six, eight, ten, and 
- - even more years. 

Oak, Spruce, Scotch Pino, Alder, and Ash, seed, on an 
average, every throe to five years. 

• The remaining species seed after shorter intervals, and 
some do so every year. » 


Talcing both factors into consideration,' th©’ 
may ho arranged into the following scale 


t t r ,' 

species 


According to Giy or. 
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Best: Bircli, Aspen, Willow. 

Next: Scotch Pine, Spruce, Elm, Hornbeam. 

Next: Maple, Sycamore, Silver Eir, Larch, Lime, 
Oak, Alder, Ash. 

Last : Beech. 


Another very important point is the size and nature 
of the seed. Species which have a small, light, and 
winged seed reproduce themselves more easily and 
extensively, than those with a heavy or wingless seed. 
Moreover, it so happens, that the species with light or 
winged seeds, such as Birch, Aspen, Willow, Scotch Pine, 
Spruce, are comparatively less sensitive in respect of the 
factors of the locality, than, for instance, Oak, Beech, 
Silver Eir, Maple, and Sycamore, with their heavy seeds. 
The consequence is, that the power of reproduction 
peculiar to the first-named species is much greater than 
that of the last-mentioned species. Instances where Oak 
and Beech are ousted by Scotch Pine and Spruce can he 
frequently seen, whilo the latter, in their turn, have to 
struggle against the inroads made on them by 'Birch, 
Aspen, and Willow. 


b. Reproduction from Stool-shoots and Root-sudors . 

This method of reproduction applies to coppice woods. 

It occurs in two ways : — 

"S , 

Either : On that part of the stem which remains, after 
a tree has been cut down, “dormant or adven- 
titious buds ” develop into shoots ; they are called 
“ Stool-shoots.*’ 
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Or: Buds are formed on the roots, 'which develop 
into aerial shoots, such shoots being called (< Boot- 
suckers.” 


In both cases the nourishment and growth of the new 
individual depend on the continued root activity of the 
mother plant. If the new individual is capable of pro- 
ducing root-buds and of developing them into roots, it 
becomes independent of the mother plant; in such a 
case reproduction is established by a division of the 
mother plant. 

Beproduetion in the manner just described is strongest 
during youth, and tho faculty is maintained for different 
periods of time according to species. The better the 
conditions of growth, the longer will tho reproductive 
power ho maintained. A thin and young bark repro- 
duces more freely than thick and old bark, favourable 
places are the neck of the root stalk and wounds. 

An essential condition of a copious reproduction in 
the manner described is full enjoyment of light; stools 
standing under cover develop either no shoots or only 
feeblo ones. 

As regards species, the following classification may he 
made : — 


The Reproduction is maintained beyond an aye of 40 
years in the case of: Oak, Sweet Chestnut, Horn- 
beam, Elm, Alder. 1 ' * % 

It ceases at an earlier aye in : Beech, Birch; Maple,' 
Sycamore, Ash. , < r t 


■ The Conifers have no power of reproduction of this 
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class worth, mentioning. Larch shows "best amongst 
Conifers, and the three-leaved Pines next. 

Some species produce only stool shoots, others root- 
suckers, and others again both : — 

Principally stool-shoots: Oak, Hazel, Hornbeam, Beech, 
Elm, Sweet Chestnut, Lime, Black Poplar, Alder, 
Ash, Sycamore, Maple, Willow, Birch. 

Principally root-suckers : Aspen, White Alder, Ealse 
Acacia. 



CHAPTER III. 


CHARACTER AND COMPOSITION OP WOODS. 

In Sylviculture trees are only in exceptional cases 
reared in free positions ; as a general rule tliey are 
grown in considerable masses, which form more or less 
crowded woods. Suoh woods may be composed of one 
species only, or they may contain a mixture of two or 
more species ; in the former case they are called “ pure 
woods,” and in the latter “mixed woods.” Natural 
pure woods occur only under certain conditions, as, for 
instance, when the factors of the locality suit only one 
particular species, or when the vitality and energy of 
one species has gradually ousted all others. Species 
which appear naturally in pure woods, are called “ gre- 
garious.” The bulk of the pure woods, which exist at 
present in Eiu-ope, are the result of artificial inter- 
ference. By far the greater number of natural woods 
arc mixed. 

Section I. — Pure 'Woods. 

l 

Practically, woods are rarely quite pure, because in , 
most cases specimens of other species, which it was not 
intended to rear, make then.’ appearance uninvited. As 
long as such an admixture is slight, accidental, and not 
taken into account by the management, the character of 
the pure wood may be said to be preserved. - " 
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Tlio principal advantago of pure over mixed -woods is, 
that they are easier to manage, "because the requirements 
of only one species have to ho considered. On the 
other hand, they liavo considerable disadvantages as 
compared with mixed woods, which will he dealt with 
in Section IT. 

The fitness of a species to be raised in pure woods 
depends on its capacity to. preserve, or even improve, 
the factors of the locality, in other wordB, whether the 
species preserves a complete leaf canopy to an advanced 
age, and secures the accumulation of a sufficient layer of 
humus. As indicated in Section XV. of Chapter I., 
Beech, Silver Fir, and Spruce act most beneficially in 
this respect, and next to these some of the Pines. 
These are called “ ruling ” species. Apart from them, 
sevoral others are frequently grown in pure woods, such 
as Oak, Larch, and "Willows, on account of their great 
utility. 

Of the remaining, or so-called “ dependent” species, 
few are found in pure woods, and then only under special 
circumstances ; for instance, Hornbeam replacing Beech 
in frost localities, Cembrau Pino and Mountain Pine at 
high elevations, Maritime Pino on dunes near the sea- 
shore, Birch in high latitudes. 

What has been said above is, however, subject to 
exceptions in tbo following cases : — 

(1.) If the factors of tho locality are such, that an 
imperfect cover and want of humus do not materially 
injure them ; as in* deep fertile soils,' which enjoy an 
ample and well-cGsfrihulcd rainftdij which are kept 
moist by ground wdfer or irrigation,- - 
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(2.) If the woods arc treated under so sliort a rotation, 
that Ihcy are out orer before any excessive interruption 
of tho leaf canopy has set in. 

(3.) If the object is to utilize localities whieh are only 
fit for certain species ; for instance, .Alder and Willow 
on wet soils, Hornbeam in frost localities, etc. 

(4.) If only one species finds a ready market, or is 
required for a special purpose. 

Except in such cases, all dependent species should be 
raised in mixed woods. 


Section II. — Mixed Woods. 

A mixed wood may be so arranged that every tree of 
ono species alternates with a tree of another species, in 
which case the mixture is called one u by single trees” 
Or a group of trees of one species may alternate with a 
group of trees of another species, called a “ mixture by 
groups ” ; in the latter case tho groups muBt not ho of 
such extent, that each acquires tho character of a pure 
wood. 

Mixed woods may he : — 

(*.) Permanent or temporary. 

(b.) Even-aged or uneven-aged. , .. ' 

i 

Temporary mixtures are ordinarily called for in the 
following 1 cases : — 

(1.) When tho intention is to obtain an early return, 
by the removal of ono of the speejes, which should, in 
that case be of rapid growth. „ 

(2.) When "a tender species has f io bo protected 
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(nursed) dining early youtli against frost or drouglit, 
as Beech and Silver Fir, and to a less degree Oak. In 
this ease a hardy and fast-growing species, such as 
Scotch Pine, Larch, Birch, is raised either simultane- 
ously or beforehand, and removed when the tender 
species requires no further protection. 

(3.) When both the abovo objects are combined. 

Permanent mixtures are established, because they are 
considered to have advantages over pure woods. 


1. Advantages of Mired Woods. 

(a.) Mixed woods admit of a moro complete utilization 
of the fnctors of the locality, and consequently they pro- 
duce a larger quant it)' of wood, if they are suitably 
arranged. Each spot can bo stocked with the species 
which is best adapted to the factors of the locality ; 
hence increased production. 

(l>.) Unless very extensive areas aro available, only 
mixed woods enable tho forester to meet the various 
demands of tho market. In the case of pure woods, 
and if a regular annual yiold of each of several species 
is expected, a complete series of ago gradations is 
required for each species, which, in the case of a 
limited area, would lead to small annual cuttings. For 
instance, if the intention is to grow live species on 
an area of 500 acres under a rotation of 100 years, 
each cutting would extend, in the ease of pure 
woods, over one acre, while in tho case of a mixed 
> wood, tho annual cutting may be five acres in one 
block. 
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It should also he noted, that only a few species are fit 
to be grown in pure woods. At the same time many of 
the other species yield a very superior quality of timber, 
or valuable minor produce. All these would moro or 
less disappear under the system of pure woods, or at 
any rate they would not thrive so well and would not 
develop equally fine boles, as if grown in mixed woods. 
Large-sized timber of many light-demanding species can 
■only be produced by mixing them with shade-bearing, 
and consequently soil-presorving species. 

(<?.) Many species suffer loss from external injurious 
influences, sucli as wind, fire, frost, snow, insects, fungi, 
if raised in mixture with othor moro hardy species. — A 
shallow-rooted species had best be grown mixed with a 
deep-rooted species. — Conifers are less exposed to damage 
by fire or snow, if mixed with broad-leaved species. — 
Insects are less dangerous in mixed woods, as they gene- 
rally attack only one out of several species ; moreover 
birds, the great insect destroyers, are more numerous 
where broad-leaved trees grow, than in puro coniferous 
woods. — Damage from fungi is also considerably less in 
the ease of Conifers which aro mixed with broad-leaved 
species. — A hardy species mixed with a tender species 
protects it against frost and drought. 

(c7.) Mistakes made in the selection of species can 
be more easily rectified in mixed than in puro woods. 
I’hc suitability of a locality for a certain species is not 
always apparent at the outset ; in the case of mixed 
woods, the' species which is least suited can bo removed 
at the time of Gunning. ' - \ 

(e.) l ? or iho above reasons, mixed woods must, on the 
whole, yield bettor returns than puro woods. 
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(/) Finally, mixed woods increase the artistic beauty 
of a country. 

2. Disadvantages of Mixed Woods. 

It is frequently described as a disadvantage of mixed 
woods, that their natural regeneration is more difficult 
than that of pure woods. No doubt, different species , 
require different conditions, if natural regeneration is to 
bo successful. More especially the cover of the mother 
or shelter trees must be more open whero a light-de- 
manding species is to be regenerated, than in tho case of 
a shade-bearing tender species. The shelter, for instance, 
which suits the Beech, would probably Mil young 
Oak seedlings. Again, certain species, such as Spruce, 
produce so much seed, spring up so easily, and would 
toko possession of so much ground, that other species, 
like Beech, would have little chance of coming up in 
sufficient numbers. Theso objections are undeniable, 
but they arc, after all, not of such importance as might 
appear at first sight. In the first place, tho mother 
trees can bo so selected, that one species is favoured 
against tho others. Secondly, the surplus regeneration , 
of any one species can be removed in the first thinnings. 
Thirdly, tho species can be arranged in small groups. 
Fourthly and chiefly, the best procedure is, to regenerate 
naturally with special reference to one species, and to 
introduce tho others (as far as necessary) artificially. 

In this mann er tho forester can produce the desired 
proportion of the several species with almost mathe- 
matical accuracy. Oh’ the * whole, mixed woods offer 
such substantial advantages over pure woods, that the 
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. sliglil disadvantages which can bo advanced against thorn 
are considerably more than counterbalanced. 

3, Rules for the Formation of Mixed Woods. 

The advantages of mixed woods, which have been 
detailed nbovo, will only bo realized under certain con- 
ditions, the moro important of which arc the follow- 
ing 

(«.) The locality must be, a priori , suitable for the 
favourable development of each of the species in 
mixturo. 

([).') The mixturo must bo of such a nature that the 
factors of the locality do not suffer ; on the contrary, 
they must, if possible, ho improved. This will only be 
the ease if the principal, or moro numerous species, is 
soil-improving. As indicated above, exceptions occur 
when woods arc treated under a short rotation, or when 
the quality of the locality is such, that it does not 
require to bo assisted by tho improving action of the 
trees growing on it. 

(c.) Tho mixturo must be so arranged that ono species 
does not oust the 'others, and thus establish a pure wood. 
The excessive development of one species may bo detri- 
mental to the others, or even kill them outright. In 
this respect the toughest and least sociable species 
carries the day, these qualifications being dependent on 
shape,- light-requirement and height -growth of the 
species. ‘ ’ , 

fthajpe , — Each species must bo .given (hat growing space 
winch is required for its proper ‘development. In this 
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respect the several species differ considerably. Conifers, 
for instance, liave a different sliapc from broad-leaved 
species. Again, some species are better able than others 
to stand an infringement on their proper growing space. 
Thus, the broad-crowned Oak is liable to suffer con- 
siderably in crowded woods, while Spruce stands an 
infringement of space comparatively easily. 

Light-requirement . — The mixture must be so arranged 
that the light-demanding species are not likely to be 
shaded by other tines j in fact, ‘they must have their 
heads free and exposed to the light. Some species like, 
and even require, some shelter during early youth, 
such as Silver Tir and Beech. Mixt ures should be so 
arranged as to provide such shelter, whenever it is re- 
quired. After the first few years, no species actually 
requires shade, and then species are either shado-bear- 
ing or light-demanding. In most cases the former will 
bear the shade of the latter, but not the reverse. 

Height-groioth . — All space-demanding and light-re- 
quiring species, when mixed with species of an opposite 
nature, must be of quicker height-growth than the latter. 
Hence the relative height-growth of the species must be 
fully considered in deciding on the nature of the mixture. 
In mauy cases it is necessary to produco woods of uneven 
age, in order to prevent the light-demanding species from 
being overgrown and suppressed by the other speeics. 

Assuming then, that the locality suits generally all 

the species to bo mixed, the following rules govern the 

selection and formation of mixtures : — 

/ 

First Rule . — The principal (more numerous) species 
shah be soil-improving. 
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. It lias been stated aboyc under wliat conditions 
exceptions from this rule arc admissible. 

Second Rule. — Shade-bearing species may be mixed 
with each other, provided their height-growth is of the 
same rapidity, or the slower growing can bo effectually 
protected against the faster growing. 

Third Rule, — Shade-bearing species may be mixed 
with light-demanding species, if the latter are either 
faster growing or are given a start. 

To prevent the shade-hearing species being kept hack 
ill its growth it should bo more numerous than the light- 
demanding speoies. 

Fourth Rule . — Two or more light-demanding species 
should not be permanently mixed, becauso the soil 
deteriorates, and the faster growing suppresses tin* 
slower growing species. 

Exceptions from this rule are admissible : — 

(a.) On very fertile localities. 

[b.) On very inferior localities, where nothing ehe 
will grow. 

(c,) If the wood is treated under a short rotation. 

Temporary mixtures of two or more light-demanding 

species occur frequently, especially where a slower 

growing species lias to be protected against frost or 

drought ; for instance, Oak with nurses of Larch, Scotch 

Pino or Birch . > ' 

* 

Fifth Rule . — The circumstances of each case must 
decide whether the species shall be ‘mixed by singlo 
trees or groups. 
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Two shade-bearing species of equal height-growth, 
for instance, may be mixed by single trees, but if the , 
quality of the soil changes from place to place, it may 
be desirable to arrange the mixture according to groups, 
placing each species on the more suitable spots. Again, 
if a light-demanding species is to be raised with a 
faster growing species, the mixture should be by 
groups, and not by single trees. 

All mixtures may be brought under one of the follow- 
ing three classes : — 

Mixtures of Shade-bearing Species. 

„ „ Shade-bearing and light - demanding 

Species. 

„ „ Light-demanding Species. 

4. Mixtures of Shade-hearing Species. 

It is a general rule that the permanent preservation 
of a mixture becomes more difficult in the same degree 
as the species to bo mixed differ in respect of light 
requirement, rate of height-growth, suitability of locality, 
and shape of troo. The ordinary European shade- 
' bearing species approach each other in these respects ; 
hence in their case the mixture is comparatively easy 
to maintain, and they may, generally, bo raised in woods 
of even age or nearly so. 

■ a. Mixtures in High Forest. 

(1-) Silver Fir and Spruce . — These two species 
resemble each other as regards shape. They differ 
somewhat in their demands on the locality, but over 
extensive areas both find suitable conditions for a healthy 
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development. They aro both shade-bearing, but Silver 
Fir more so than .Spruce. The most important point is, 
that Spruce grows somewhat quicker during youth and 
is likely to injuro tho Silver Fir, but whou the latter 
has once pushed its head to tho light the two species 
hold their own against each other. In order to got 
the Silver Fir safely over the first 20 or 30 years it 
mnst bo assisted against the Sprnco by either giving it a 
start of 5 — 10 years, or arranging the mixture according 
to groups, or cutting away the Spruce where it threatens 
tho Silver Fir. 

The advantages of the mixture are principally tho 
following : — 

(«.) Spruce protects Silver Fir against frost and 
drought during early youth. 

(b.) Silver Fir protects Spruco against storms in after 
life. 

(«.) Spruce, when mixed with Silver Fir, is somewhat 
loss exposed to damage by insects and snow. 

(cl) The production of wood per acre and year is 
increased. 

(2.) Silver Fir ami Beech . — They differ in shape 
but make very similar demands on the locality. Both 
aro highly shade-bearing. Beech grows somowlmt 
i quicker in youth but slower in after life (see Diagram 
on page 1 63), During the former period Silver Fir, and 
during the' latter Beocb, must he somewhat assisted, or 
the mixture must bo arranged by groups. > f * ' 

> Both /species Ihrivo bettor in mixture, which is al- 
together an excellent one. 

(3.) Spruce and Beech , — They differ in shape, and 
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make somewhat different demands on the locality, 
especially in respect of the degree of moisture and 
depth, Spruce requiring more moisture, and Beech 
greater depth. Nevertheless, soil which is suited for 
Beeeh, will also do for Spruce, hut not always the 
reverse ; in the moister parts Spruce should predominate, 
and in the drier parts Beech. Both are shade-bearing, 
Spruce somewhat less so. The rate of height-growth 
is a more serious matter. During youth Beech grows 
frequently quicker, but afterwards Spiucc ; they must 
be protected accordingly, the one against the other. On , 
the whole, Beech is more in danger of being suppressed 
than Spruce, because under ordinary circumstances the 
latter is more pushing and aggressive. Spruce is 
only threatened in localities which are specially suited 
to Beech. 

Beech has a most beneficial effect upon Spruce in 
respect of danger from wind, snow, insects, and fixe. 

At the same time, Beech produces finer boles in this mix- 
toe than if grown pme. "Where Beech timber is little 
in demand, it should not ocoupy more than about ^th 
of the area against fths occupied by the Spruce. 

(4.) Beech and Hornlcmn.—Thh is a mixture of sub- 
ordinate importance. The timber of 'Hornbeam is 
frequently more in demand, hut Beech yields a larger 
volume. Hornbeam grows somewhat quicker at first, 
hut on the whole it is left behind by Beech. In some 
localities,' especially those exposed to frost, Hornbeam 
forms a suitable substitute for Beech in mixed woods. 
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b. Mixtures in Coppice Woods. 

In Coppice woods it is always desirable to mix some 
Hornbeam with tbo "Beech, because the latter by itself 
is rarely able to maintain a full crop, owing to its 
inferior reproductive power from, the stool ; Ilombcam. 
is possessed of an almost indestructible reproductive 
power through stool shoots. Care is required to prevent 
the Ilombcam ousting the Beech. 

In Coppice with Standards also, the underwood should 
consist, at any rate partly, of Hornbeam, and not 
altogether of Beech. 

5. Mixtures of Shade-bearing with Light-demanding 
Species. 

While the shade-bearing species much resemble each 
other in character, considerable differences oxist between 
light-demanding and shade-bearing species in respect 
of shape, height-growth, light requirement and duration 
of life ; hence llic maintenance of such mixtures requires 
great care and slulL 

Most of the light-demanding species, such as Oak, 
Larch, Ash, Maple, Sycamore, arc raised principally for 
timber and less for firewood ; they require full enjoy- 
ment of light throughout life, but they cannot reach 
timher-Bizo and maintain the factors of the locality with- 
out the assistance of the shade-bearing species ; it is no 
longer sufficient to place each species into groups, and 
in order to meet, the requirements of the eitso, it is, 
generality, neecssary to grow uneven- dijed woods. 

The principal object in all such mixtures is the full 
development of the timber-yielding, light-domandiug 
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species, while the shade-bearing species, though more 
numerous than the former, practically take the second 
place in importance. The light-demanding species 
which deserve special mention in this place are : — Larch, 
Scotch Pine, Oak, Maple, Sycamore, Ash, Elm, Birch, 
Lime, Aspen and Willow. 

a. Mixtures in High Forest. 

(1.) Larch in mixture with Shade-hearing Species — 
Larch and Spruce . — If the two species are of the Bame 



age, the Larch goes ahead at once and leaves the Spruce , 
behind. On 1 soil wliioh suits the Larch, the tree will 
not be caught up by the Spruce before the 40th or 50th 
year or even- later, wheii ihejtwill -grow up together. 
On localities 'which are less suited' for Larch, the Spruce 
will catch it up much earlier, lly- the 15th to 25th year, 
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pass and suppress it, so that it gradually disappears. In 
sucli cases the Larch must be given a start, the result 
being an imoven-aged wood. Tho best method is, to 
plant Larch pure, and to bring in the Spruce when 
grass begins to replace the moss, that is to say, at tho 
ago of 20 — 30 years. When the Spruce has established 
itself, all Larches 1 which are not likely to dovelop into 
fino trees should he removed. 

It is well-known how much Larch suffers from 
cancer when grown outside its natural home. Until 



means havehoenfound by which that disease can be pre- 
vented, the only way to reduce the damage to a minimum 
is, to isolate the Larch trees, by mixing, them with 
another spepios, for which Spinco is fairly well adapted. 

Larch, and v Sjlvcr i^-This is. a still bettor 
mixture than. ^d^li^uoa, ps .Silver grows, 
somewhat slower .duringj.^outh 'tban^prticc,; oihorwise 
the relativo height-growth is much tlio Bamo. As 
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Silver Fir requires better soil than Spruce, the Larch 
thrives admirably in all localities where Silver Fir 
grows, provided the mixture is arranged judiciously. 

Larch and Beech . — This is an excellent mixture. 
Larch grows quickly enough to maintain itself in 
the even-aged form, but it is still better to start with 
pure Larch and to bring in the Beech, when the former 
is 20 to 30 years old. The most suitable localities are 
those with a fresh deep soil on northerly or easterly 
slopes. 

(2.) Scotch Pine in mixture with Shade-bearing 
Species . — The Scotch Pine resembles the Larch very 
much in its bearing towards the shade-bearing species. 
The even-aged form does very well in the majority of 
cases. In the uneven-aged form, Spruce, Silver Fir or 
Beech need not be brought in until the Scotch Pine has 
reached the age of 30 — 40 yeaTS, as it begins to thin out 
somewhat later than the Larch. The Scotch Pine must 
not be too numerous, or its shade may injure the other 
species in the uneven-aged form as well, as during youth 
in the even-aged form. 

Both Scotch Pine and Larch afford excellent protco- * 
tion against frost and drought to Silver Fir and Beech 
during their tender youth, and also to Spruce, though 
the latter requires such protection in a less degree than 
the former two species. > ' 

Scotch Pine and Hornbeam occur sonietimes together, 
especially in frost localities, where the Hornbeam 
replaces the Beech. Hornbeam is liable to suffer con- 
siderably from tbe sbado of the Scotch Pino, so that it is 
frequently reduced to an underwood, which should be 
periodically coppice. 
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(3.) Oak in mixture with Shade-hearing Species — Oak 
and Spruce . — jSaturnl mixtures of Oak and Spruce aro 
rare, owing to llio different cliaractor of tlie two species. 
Oak is at home in low warm situations, Spruce in cool 
high places. Oak thrives best on loose, warm, deep 
soils with a good measure of water in tho subsoil; 
Spruce requires moisture near tho Burface, and it is 
satisfied' with a moderately deep soil. Oak requires 



much light, heat nnd space; the demands of Sprnco are 
more moderate m these Tospccts. Oak is inclined to 
develop largo .branches; Spruce grows more, in height, 
nevertheless, artificial mixtures of tho two species ore 
advocated by some foresters. Oak grows bister than 
Spruce during youth; .later on Spruce/- passes the 
Oak, and the. latter has no chance if mixed fiy single 
trees in oven-aged woods. It is necessary to plaeo tho 
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Oak in groups, and even then it does not always deve- 
lop satisfactorily. The best arrangement is to plant 
Oak pure and to bring in the Spruce when the Oak 
commences to thin out. It has, however, been noticed 
that the Oak becomes stag-headed when under-planted 
with Spruce, a phenomenon which is by some foresters 
believed to be due to the great consumption of water by 
the Spruce. 

Oak and Stiver Fir . — This is a better mixture than 
that of Oak and Spruce, as the two species resemble 
each other more in their demands on the locality. Oak 
requires a start, or it will be passed at about middle age 
and suppressed by Silver Fir. , The best plan is to plant 
Oak pure, and to bring in Silver Fir when the former 
begins to thin out. 

Oak and Beccli. — This is a most suitable mixture, 
as the two species stand sufficiently near each, other 
in respect of locality and shape; moreover, they are 
found naturally together. The Beech has been called 
the Oak’s nurse. The Oak finds in the mixture all 
the advantages of a permanent complete shading of 
the ground, accompanied by a heavy fall of leaves, a 
thick layer of humus, and freshness of the soil ; it thus 
attains great height and a clear bole of considerable 
length. 

The Oak requires to havo its head free throughout 
life. It grows quicker than Beech, wherever the 
climate and soil suit it in respect of moisture and 
depth. In such localities tho mixture" should bo 
arranged by single trees. In less favourable localities 
the Oak^t sinks below tho Beeeh|„and tbon the former, 
in single trees, is lost; hence lh$ mixture must be 
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arranged by groups, or bolter still, the Oak must bo 
given a start, the Beocli being brought in when the Oak. 




commences to thin out*, .that is to say, between the' 30 th 
anil 60 th yean 1 , aerordirfg to circumstances. '*?* 

Oali mvl Jlonibmfli . — This mixture mov be desirables 

j v 
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in localities which do not suit tho Beech, as foi* in- 
stance in frost localities, or moist deep sandy soils of 
th.e low lands. The Oak grows quickly enough to 
hold its own against Hornbeam. In this mixture the 
Hornbeam is frequently treated as coppice. 

(4.) Maple and Sycamore in mixture with Shade - 
bearing Species . — Mixtures of this olass require a fresh, 
deep and fertile soil. During early youth both Maple 
and Sycamore grow quicker than Spruce, Silver Fir, 
and Beech, but later on they are passed by the shade- 
bearing species. Hence it is necessary to place the 
Maple and Sycamore in groups, or to give them a 
start in age. 

(5.) Ash in mixture with Shade-bearing Species . — The 
best mixture is Ash and Beech ; not so good is that of 
Ash and Silver Fir, and still less that of Ash and 
Spruce. 

Ash, like tho Maples, grows first more quickly than 
Beech, but is generally passed by the latter later on, 
hence it should be placed in groups in the moisler parts 
of the locality. Where Ash occurs pure, it should ho 
underplanted with Beech before its height-growth has 
been completed. 

(G.) Elm in mixture with Shade-bearing Species . — Ebn 
does best in mixture with Beech, or perhaps Hornbeam. 
The mixture of Elm with Spruco and Silver Fir is less 
desirable. .Elm requires a* locality with sufficient 
warmth, or else it will not dovolop into a large-sized 
tree ; it also requires a deep fertile soiL Elm grows 
at first quicker than Beech, hut afterwards it is liable 
to ho passed, hence it must, he placed in? groups, or 
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given a start. The groups should subsequently bo 
underplanted with Beech. 

(7.) Birch in mixture with Shade-hearing Species . — 
Such mixtures occur naturally. The light seed of the 
Birch settles on all blanks, large or small, and too often 
interferes with the shade-bearing species. 

Birch and Beech . — Tho Birch should only form a 
moderate admixture by single trees; if it is moro 
numerous, a part should be cut back. Birch becomes 
ripe for the axo long before the Beech. 

Birch and Silver Fir . — After some time tho Silver 
Fir outgrows the Birch, which is then likely to bo 
suppressed. 

Birch and Spruce . — Tho Birch injures tho Spruce by 
a whip-Jike action of its branches, but Spruce soon passes 
and suppresses Birch, 

(8.) Lime , Aspen , and Willow in mixture with Shade- 
hearing Species . — Like Birch, those species appear 
naturally amongst shade-bearers, more especially in 
Beech woods, where they often do damage owing to 
their rapid growth in early youth. If it is desired to 
produce large specimens of theso species, they must he 
reduced to moderate numbers. In after life, Beech 
passes and suppresses them, if allowed to do so. 

t h. Mixture in Coppice with Standards. 

i 

The greater part of; tho mixture consists. of broad- 
leaved species, but' conifers (Larch, Scotch Pine, &c.) 
are not oxcludod, so that an opportunity is given for 
tho production of any dr all species. •* 

It must*' 'be* a loading principle to let tho light- 
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donranding specios prevail in the standards, or over- 
wood \ and flic shade-bearing species in the coppice, or 
underwood. At the same time, some individuals of the 
latter species may be represented in the ovorwood, for 
the purpose of producing seed to meet 'the requirement 
of natural regeneration when required. 

Tho overwood should consist of healthy trees which, 
if possible, have been raised from seed. Only in 
exceptional cases should vigorous coppice shoots be 
allowed to grow into standards. 

In some oases all ages are mixed by single trees, in 
others tho several ago gradations aro arranged in small 
groups. As the coppieo shoots at onco grow rapidly, 
seedlings have no chanco of making their way up, unless 
they are strong, and aro protected against the coppice 
shoots. 

As each standard must be cut when it has reached the 
highest degree of usefulness, it follows that Larch, 
Scotch Pine, and Birch will fall under the axe before the 
Oak, Elm, Maple, or Sycamore havo reached a useful 
size ; hence the former do not appear in the oldest age- 
classes. 

r. Mixture in Coppice. 

Tho principal species aro Beech, Hornbeam, Elm, 
Ash, Maple, Sycamore, Lime, Oak, Sweot Chestnut, 
Birch, Hazel, "Willow, Aspen, etc. 

Beech is slower growing than tho light-demanding 
species, and it* requires some protection against them, 
except on very fresh and fertile soils. Ash, Maple, 
Sycamore, and Oak aro liable'to suffer from too largo a 
proportion of Birch, Hazel, and "Willow. * 
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6. Mixtures of Light-demanding Species, 

As indicated above, such mixtures arc justified only 
in exceptional cases. Generally, they arc objectionable, 
as long as the admixture of a sliadc-bcaring species is 
practicable. 

All mixtures of light-demanding species tlun out 
soonor or later according 1o the degree of light-require- 
ment and the tendency towards branch formation of 
the species, as well as according to tho quality of the 
locality. When once that period has arrived, the 
factors of the locality must suffer. Exceptions are 
woods growing under favourable conditions, temporary 
mixtures and shelter-woods. 

Generally, only tho even-aged form is admissible, 
and even then such mixtures require constant attention, 
so as to prevent one species being suppressed by the 
other. 

«. Mixture in High Forest. 

(1.) Oak, with Ash , Elm, or Sweet Ohcsinut . — These 
mixtures require a fertile, deep, moist soil, and a favour- 
able climate. Oak is slowor growing during early 
youth, and in many cases also later on; hence it is liable 
to.be suppressed. At any rate it rarely finds sufficient 
spa<}G for favourable development, being closely pressed 
by the other light -demanding species. It does bettor 
if placed in groups. 

i s 1 ' 

(2.) Oak villi’ Aider and JJirch . — This mixture occurs 
on wet soil, where tho Oak occupies the drier parts ; 
the latter rarely does well in euoh localities. 

(S.) Oak with Scotch .Line or Larch , — Such mixtures 
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l«i j>r <- 1 r\ed. UitrJi fnSK undvr On »\e «t a com- 
par'd ?w Ir <arlt ap*. ami on <»j«cn void ».f Srotrh Vine 
nmnins Only on pe<>i in***!, roil dm - Vdreh Jn*-t until 
the K*otth Vito* ha 5 t» amicd a tnurla table v»ro, 

,\l the puns' t true Jl;n hum* he u d<* irahle mlmuttiiv, 
where the ubji , t in In pt*<!e<l the S».«tth Vim* a-Mimt 
fn 5 **, tn, prion , tire,* it.\ t und uhrtv a more amiable 
mixture in impm ticaWe, 

(**>.) (~K J*/it i ,’f l /we./.— Tli i* mixture lead*? to 

tinral jsj.ti h»ry i\ nit-. when* w the Irevdity in nut 
thoroughly fruited lo 1 art h. During Tenth, up In 1 5 or 
20 years. i,*uvh gruus quicker and may injure tin* 
Scot th Vine. If the Sentrh Vim* «iak«~« it? vuy up and 
begin* In pro-- round or par- tin* Larch, Uio laiur must 
diMippear, 
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Nevertheless, this mixture occurs over extensive areas 
' in tlic United Kingdom, not because it is the best that 
can be devised, but because Scotch Pine thrives well and 
yields higher returns than most of the shade-bearing 
species which could be substituted for it 

Other mixtures, in which the Scotch Pine is the 
principal species, are : — 

Scotch Pine with Aspen or Alder } not to he recom- 
mended. 

,, „ „ Weymouth Pino ; a fairly good 

mixture. 

„ „ „ Black Pine; the latter disappears, 

as it is slower growing. 

„ „ „ Sweet Chestnut ; the latter often 

becomes a soil-protection wood. 

(6.) Alder with Birch and Aspen . — This mixture 
occurs in wet localities, whore nothing else will grow. 

h. Coppice, and Coppice with Standards. 

Woods of Coppice with Standards consisting of light- 
demanding species only, are comparatively rare, as the 
standards must either ho very few in number, or the 
underwood suffers.' Under any circumstances such 
mixtures require a very fertile soil. Mixtures of this 
kind are, for instance — 

r 

Ash and Alder, or 

* 1 * 
Oak, Ash, Elm, Hazel and others. 

t * * 

Where Ash and Alder appear in mixture, the former 
should, generally* he the overwood, and the latter the 



sfii A MAKUAJ, or Kinr^TKY. 

Hiulmnwl; it ot-eurr> in wH, localili^. In frtlil'* low 
liitith- Oak upjK-utN a* ovtnuwl and uwImivwhI, tjiI.wI 
with \ni hats «tltrr h]»w'ir-. «*• AM), Kim, *\e. Sli**rt 
vti-init erf tjip stontlurtl” and injured iunlf>t\un>d nu> o»Vii 
til*' rliaiimti i ! ti*"i t.j -wli miM'ir.?. 

Cpj.rr ctnitini; In arfinjj arc nustitn s* 

i<i !->»«<•, A ».{««, SjJJns;, JJ«? f k mh\ nj.it i* 

t'I»n ttlly Oi.k with K«. **t Clm-Juut- In *u«H inKhum* 
rim- tun! l.nr.-h nfji'ti tunl » Icntjmr.iry }*!««»• »v 
"tn dl stand.'riU 

Atmtlnr uiKtnw }» ilvtt t«f Biu-. { lliMnut utul 
grti»>roUv t*y I'tuup r w A».srir. is likely la 

Ml(W. 
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TUB SYLVICULTURAL SYSTEMS ; OR, METHODS OT TREATMENT, 

Under a sylvicultural system is understood the 
systematically arranged method according to •which the 
creation, the regeneration, the lending, and tlic utiliza- 
tion of the woods, which compose a forest, arc effected. 

The character of eacli system depends in the first place 
on the method of creation or regeneration, and conse- 
quently all systems must come under one of the following 
three heads : — 

(1.) High or seedling forest. 

(2.) Coppice forest. 

(3.) A combination of seedling and coppice forest. 

Owing to tho varying character in the factors of the 
locality, tho composition of woods, and the many 
different purposes for wliich they arc grown, the above 
three main systetas havo been split up into a number of 
variations. In tho case of high forest the principal 
distinction is, whether the now wood is created on 
a clear cutting, or under tho shelter of an > existing 
wood. In i tho latter case, tho regeneration may he 
effected at tho same lime in a uniform manner over a 
considerable area (compartment), or over certain groups, 

or by the removal of single trees hero and there. 

* 
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Coppice woods* may <i«»*si«t of j*bw1 fhmit* nr of pollard*. 
Again, a number of auxiliary eyMcnvi have boon ovolvt'il 
out of tbi' principal i*y«U'j*w by means of urban 
moilirto!itioii*> or udditimiN 

ft is m»t intended to lUsnihe fieri" all existing mmlifira- 
tiuni, but tin* *n*»n* important system •» may b ,k r*la‘‘Mfictl 
;ts follow ,« :• - 

I. Vrmrtjwl nvftonis 
A, High or ‘i Wiling for»"f{«-~ 

1. Oru* tutlim* ami sub > 'jmat regenc- 

ration 1 

It. Begun ration mnbr :i *1»1 um\<hh 1: 
a. By lojujuirtimuth . . . . . 2 

k „ group Ij 

•\ ,, M*nglo \n "> » , . . . *i 

H. f '■•ppii"." fiih,t , . . , . , ft 

i\ r.*mbitt,tttnn of eerdlmt: and u»ppu-e forej-t . i! 

IK Auxiliary system* — 

1. High Corot 'uHls >imular«b . , , , 7 

2. T ivo.j.tori^d high forw't . . . » & 

11. Hiub forint Tvith ‘■•ubprci.’j turn, u‘«#id . 0 

For* -try emobimd with the growth of 

fil'UIlJi'JW 10 

f>* 1 on *trv f imlnntd tvxlU tlm Ins rding of 

* t ■ 

Mttb" . . . 11 

r 

Cs. I'W-ury tomMnul with the breeding of 
deer a«u gnim* x * . t , • . ,12 
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Section' I. — Description of Systems. 

In considering the various systems the following 
points deserve special attention : — 

(I.) Origin and character of wood. 

(2.) External dangers peculiar to the system. 

(3.) Quantity and quality of produce. 

(4.) Effect of the system upon the factors of the 
locality. 

The remarks on each of the twelve systems will he 
arranged under these four heads. 

1 . System of Clear Cutting in High Forest, 
a. Origin and Character. 

The wood is originated on an area which is clear of 
trees, by direct sowing or planting, or occasionally by 
seed coining from adjoining woods. The young trees 
are all of the same age and height (or nearly so) ; as 
soon as the branches commence to interlace, the trees 
form an uninterrupted leaf canopy overhead, which, 
with advancing years, becomes more and more elevated 
above the ground, leaving .a space below, in which the 
branchless trunks or boles of the trees tend upwards, 

In a wood of. this class the sunlight reaches only the 
upper- parts of the -crown, tho result being that height- 
growth and the formation of clear boles are specially 
favoured. The density of the cover, and with it the 
diameter-growth, depond on the character of the species, 
the quality of tho locality, and the degreo of thinning. 



206 


A MANUAL OF FORESTRY. 


At the end of the rotation the "wood is cleared off the 
area, and the process of creation recommenced. 

b. External Dangers. 

The principal dangers are those of frost, drought, 
insects and storms. In early youth a wood created on 
a cleared area is exposed to all meteoric influences. In 
winter frost threatens the young plants if they are at all 
sensitive to it, and in summer the uninterrupted ex- 
posure to the sun causes the drying up of the soil and 
plants. Moreover, air currents strike over the area 
without interference. There can he no douht that many 
diseases, which show themselves perhaps only later on, 
can be traced as having originated during this period of 
early exposure. At that time the greater dryness of tho 
soil attracts insects, which concentrate their breeding 
places in it, while the absence of trees causes insect- 
destroying birds to bo comparatively scarce. 

■Whether woods produced under this system are more 
subject to damage by storms than woods produced under 
shelter-woods is doubtful, varying views being held on 
the subject. On the one hand, frees of even age stand- 
ing in crowded woods protect each other, but on the 
other hand individually they do not stand as Arm as 
trees grown up in a more free position or in woods of 
uneven age.- "What has been said about strung winds 
probably holds also good as regards damage by snow 
and ice. 

c. Production of Wood. 

As regards production, the system compares favour- 
ably with other- high forest systems, especially if tho 
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woods are created by planting. The quality of the 
timber is also of a very high class if the thinnings have 
' been carried out in a judicious manner. More especially 
long clean ‘non-tapering boles are produced under this 
system, to which .a good diameter can be added by 
thinning strongly towards the end of the principal 
height-growth. 

d. Effect upon the Factors of the Locality. 

This effect differs much dining the several periods of 
the life of the wood. During early youth, before a 
complete leaf-canopy has been, established, tho soil is 
exposed to the effects of sun and air currents, both of 
which act highly injuriously on the soil. Subsequently, 
when a good cover has been established, the very oppo- 
site effect is produced in a high degree. Later on in 
life again, when the crowns, with advancing age, have 

m 

been elevated far above the ground, the sun is still ltopt 
out, but there is no impediment to air currents striking 
through tlie wood, so that moisture and Carbon Dioxide 
are earned away, and the activity of the locality is 
frequently considerably reduced by the time regeneration 

should he commenced. 

* 

Tt follows that tho system has decided disadvantages 
where the supply of moisture is limited. At toy rate, 
the production is subject to considerable fluctuations. 
In tho case of shade-bearing ’species with dense crowns 
the system yields evidently much better results than in 
tho case of tight- demanding species with thin crowns. 
The length of the rotation also affects the results. , 


I 
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2 . The Shelter-wood Compartment System, 
a. Origin and Character. 

Tie wood is created, or regenerated, under tie slelter 
of tie wide or part of tie old crop, wliol forms tie 
shelter-wood, and which is retained for some years until 
the young generation has established itself and is safe 
against injurious external influences peculiar to early 
youth. The regeneration is effected, according to cir- 
cumstances, by the seed falling from the shelter-trees, 
which in that case become mother-trees, or by sowing 
and planting. In the former case the regeneration is 
said to be natural, in the latter artificial. Tn the case of 
natural regeneration, one seed year is rarely sufficient ; 
generally two or three such seed years are required, and 
often artificial cultivation las to assist, in order to pro- 
duce a full new crop; hence the latter shows in' the 
majority of cases differences of age ranging up to perhaps 
15 years. Nevertheless, such differences will be no 
longer discernible when the wood approaches the end of 
the period of principal height-growth, and, for all practi- 
cal purposes, such woods are considered even-aged. 

\ 

l. External Dangers. 

Owing to the presence of the shelter- wood, the danger 
from frost and drought during youth is very considerably 
reduced, if not altogether obviated; during the rest of life 
no difference exists in this respect between this system 
and the system of clear cutting. It is believed that 
such woods arc' less attacked by insects than woods on 
cleai* cuttings. Little or no difference exists as regards 



THIS SYLVICULTURAL SYSTEMS. 


209 


storms, except that the shelter-, or mother-trees, are 
liable to be thrown. 

c. Production of Wood. 

The quantity of total production is probably the same 
as in clear cutting. As regards quality it should be 
noticed that the mother-trees are in a position to attain 
a specially large size (diameter), owing to their com- 
paratively free position during the last period of life. 

d. Effect upon the Factors of the Locality. 

The unfavourable effect of sun and air currents during 
the early youth of the wood disappears under this 
System, as the shelter-wood protects the soil until the 
new crop can relieve it of this duty. In after-life no 
difference exists between this system and that of clear 
cutting. 

Some authors introduce an additional system as the 
u Shelter-wood Strip System.” Under this system each 
compartment is divided into a number of narrow strips, 
which are successively taken in hand for regeneration. 
The system is, however, otherwiso precisely the same 
, as the, Shelter-wood Compartment System, the compart- 
_ ments merely receiving the shape of comparatively 
narrow strips. 


3. The Shelter-wood Grpyp System . , 

This is a modification of the Shelter-wood Compartment 
System. 
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a. Origin and Character . 

The "wood is created, or regenerated, under the 
shelter of the old crop, but instead of taking a whole 
compartment in hand at one time, with a view to its 
simtdtaneous regeneration, only certain groups of trees 
scattered here and there over it are dealt with in 
the first place ; when these, have been regenerated, 
others are treated in the same way, and so on, until 
the whole compartment has been regenerated. The 
period of regeneration extends over not less than thirty, 
and often forty or fifty years, during which the old 
wood is gradually led over into the new wood. At 
the end of the regeneration period, the new wood con- 
sists of a series of groups, of greater or smaller extent, 
ranging in age from ono to thirty, forty, or fifty years, 
according to circumstances, and it presents a picture of 
unovenness which is preserved throughout life. The 
wood grows on until the next regeneration comes round, 
when operations are commenced in the oldest groups and 
gradually, in the course of thirty, forty, or fifty years, 
.extended to the youngest 

During regeneration all seed years are taken' advantago 
'of, and artificial help, whore necessary or desirable, is 
not excluded. 


’ * h. External Dangcis.. 

K * 4 l ' 

Owing to Jho’ uneven age of the'Weral groups, the 
young growm'fecoives both top- and side-shelter hence 
it t is r more fully protected' against frost and drought 
than under the Shelter- Wood'.dQinpaftment Sys{em. It 
is also claimed for 'the system,' that £he trees withstand 
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stoms and damage by snow or ice better. In this 
respect further data are required before a final con- 
clusion can be arrived at. 

c. Production of Wood. 

Whether the total production is greater or smaller than 
tinder either of the previously mentioned two systems, 
can only be proved by aotual statistics in the course of 
time ; the system affords the means of producing valu- 
able large timber, as towards the end of the rotation, 
the finest trees can bo placed comparatively free for 
a term of thirty to fifty years. 

d. Effect upon the Factors of the Locality. 

This is doubtless more favourable than under the 
Shelter-wood Compartment System, as tho soil is moro 
carefully sheltered, accompanied by a more complete 
preservation of an even state of moisture. 


4. The Shelter-wood Selection Sr/stan . 

< j . Origin and Character . 

The forest is created, under tho shelter of the old crop, 
by the removal of single trees or small' groups selected 
bore and there over tho whole area, and this process 
gocs;qn iltfbjighoiit the whole length of tho rotation, so 
that practically jib part of the forest is ever at rest: ’All 
age classes, from one year; old to tho ’ oldest, are con- 
stantly represented, by single trbds ‘or ftnall groups, over 
tho whole urea, j and tluMYorh of selecting frees for cut- 
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ting extends at all times over the whole extent of the 
forest. 

b. External Dangers. 

Yiews differ somewhat regarding the extent to which 
selection forests are exposed to external dangers, as com- 
pared with the two previously mentioned shelter-wood 
systems. In the absence of exact comparative obser- 
vations, it may be stated, that in respect of drought the 
selection system acts very favourably, because only very 
small plots are, at one time, exposed to sun and air 
currents. The same may bo said, in the majority of 
cases, as regards frost. Nothing definite can be said in 
respect of damage by insects. As regards damage by 
wind, snow, etc., views differ. 

c. Production of Wood. 

Here again actual comparative observations are not 
available. It has by no means been proved that less 
wood per acre and per annum is produced under this 
than under either of the two previous systems. Young 
growth, no doubt, develops slowly, as it is much inter- 
fered with by the adjoining older tines, but this may be 
compensated for by a more active development. when 
the trees havo secured the full enjoyment of light, 
especially during the more advanced period of life. 
There can, however, be no doubt, that less olean and 
shorter boles am produced under this system than under 
the compartment system, though the former is specially 
suited for the production of large-sized timber, as each 
tree can bo, left in’ the forest until it has reached the 
desired dimensions. , 
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d. Effect upon the Factors of the Locality. 

The system secures an almost absolutely equal degree 
of protection of the soil throughout the rotation, more 
especially as regards the preservation of an even degree 
of moisture, which must act beneficially upon produc- 
tion. Protection is given not only from above, but the 
uniform mixture of old and young tires also secures 
lateral shelter. 

On sloping ground rain water is more effectively 
retained under this than under any other systoni ; ava- 
lanches also, the carrying away of fine earth, landslips, 
etc., arc prevented; hence protection forests situated 
in mountains are usually worked under this system. 

5. The Coppice System, 
a. Oiigin and Character. 

Most broad-leaved species have the faculty of re- 
producing themselves by shoots, which spring either 
from tho roots, stool, or stem. After severing the 
whole, or part, of tho stem above ground, the roots and 
stool develop shoots, which grow up into poles, and, 
under favourable conditions, into trees, thus producing a 
new generation. ' This process of regeneration can, as a 
rule, he repeated as long as tho stool and roots continue 
to live. 

When tho trees are cut over close to tho ground, 
ample or ordinary coppice is produced, the shouts starling 
from n‘ ’point which is close to* of in,' the ground. 
Generally, several shoots spring from the same stool, 
and these stand in clumps, and can easily bo distin- 
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guished from seedling trees. On well-stocked areas a 
complete cover is established earlier under this system 
than in seedling forests, as the shoots develop very 
rapidly. When the cover has been established, the 
wood presents the appearance of an ordinary sapling 
wood in high forest. 

If the trees are cut over at some height, say several 
feet, from the ground, the shoots appear. at the upper 
end of the stem, which may be said to form a now 
crown. In that case the system becomes the topping 
system of coppice. If the main stems remain intact, or 
nearly so, and only the side branches are cut over, the 
method is called the pollarding system. I To distinct line ' 
can, however, be drawn between these two systems, and 
in many cases topping and pollarding must be con- 
sidered as synonymous terms. In either case the trees 
may be cut over repeatedly, just as in ordinary coppice. 

b. External Dangers. 

Coppice suffers more from late and early frosts than , 
seedling forest, because the shoots grow up quickly, 
reach a considerable sizo during the first year, are full 
of sap, and consequently require a longer growing 
period in order to ripen before the autumn frosts set in. 
On the other hand, damage by' frost is more easily 
repaired in the case of coppice, as new shoots wall 
replace those injured during the first yeat\ •, In respect 
of other sources of damage, coppice is less affected than 
high forest. _ . t 

. * c. Production of Wo'od. 

j 

Coppice yields chiefly fire-wood, -and small timber. 
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such as hop poles, vine props, rafters, -withies for 
basket work, &c. Oak coppice woods are cultivated for 
tho sake of the bark, which is used for tanning. The 
production of cubic feet per acre and per annum is 
generally smaller than in the case of high forest. 

d. Effect upon the Factors of the Locality . 

Owing to the rapid growth of the shoots and the 
quick establishment of a complete cover, coppice woods 
protect the soil well after the first few years, but the 
latter is laid bare at much shorter intervals than in the 
case of high forest. The higher the rotation, the more 
nearly does coppice wood approach the character of high 
forest ; as a rule, however, the rotation is short and 
the wood does not reach that age, at which air currents 
obtain free access undernoath tho elevated crowns. 


G. Coppice with Standards ( Stored Coppice), 
a. Origin and Character. 

The system of coppico with standards is a combina- 
tion of the following two systems: — 

(1.) Simple coppice of even age, and 
(2.) Standards of uneven age treated under the high- 
. forest solection system. 

’ The coppico forms tho uudor-wood, and the standards 
the over-wpod, the two being treated under different 
rotations. Generally, cuttings are made-in-bbfh‘under-' 
and over-wood at file same time", that is to say, when 
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the underwood has arrived at the end of its rotation it 
is cut over, and at the same time those standards are 
removed which have reached the end of the rotation 
fixed for the ovor-wood, or which it is desirable to 
remove for other reasons. New standards are then 
introduced, which, as a rule, should be seedlings and 
not coppice shoots. It follows that the several grada- 
tions of the over- wood show a difference in age equal 
to one rotation of the under-wood, and the ago of the 
oldest standards at the time of cutting is a multiple of 
the number of years contained in the rotation fixed for 
the under-wood. 


Example. 

Eotation of under-wood . . . = 20 years. 

Eotation of over-wood . . . .=100 „ 

Number of age gradations in over-wood = = 5. 

At all times the youngest age gradation forms part of 
the underwood, until the latter is cut over. 

Every standard removed at tho end of the rotation 
must be replaced by a younger tree. If all seedlings 
reached tho end of the rotation, only one need be 
planted for every full-sized standard which has been re- 
moved, but as numerous seedlings have, owing to various 
causes, to be taken out before tho end of the rotation, 
it is necessary to plant a’ number' df-.seedlings for every 
mature standard removed, so th&tf a£ a matter of fact, 
the numbers of the standards always form a falling 
series. The actual proportion of trees in the several 
age gradations depends on circumstances’. -In tho 
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above-mentioned example the proportion would bo 
somewhat as follows : — 

dumber of age gradation . I. II. III. IV. V. 

Proportion of standards . . 20 12 3 2 1. 

In other words, for every desired standard of 100 years 
old it is necessary to have 20 standards 20 years old, 
wliich will be reduced to 12 at 40 years, to 3 at 00 

years, to 2 at 80 years, and to 3 at 100 years old. 

Though 38 standards arc present on a certain area, only 
five reach maturity, the others being out from time to 
time, thrown by wind or otherwise injured. 

The actual number of standards per unit of area is 
governed by considerations for the underwood. If the 
standards arc very numerous and give too much shade, 
the undenvood will no longer grow. In practice a 
great variety of modifications havo boon introduced, ac- 
cording to whether the ovorwood or underwood is more 
favoured. 

The normal form is that in which over- and undenvood 
receive equal attention. Here the effect of the shade 
thrown ,by tlie overwood must always be carefully con- 
sidered ; above all, the shade should bo evenly distri- 
buted- over tho area., It, is always desirable that the 
bulk of the qyenvood should consist of species with 
thin crowns, in other words of light-demanding species. 

Where (he ovcrmmt n favoured tho system approaches 
that of high forest.^- Piero the object is to ‘produce as 
much timber as possible, and the shade uf 1he ; standards 
would be so heavy, if evenly 'distributed, that tho under- 
wood could no longer thrive ; honeo it ! is desirable to 
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place the over- and underwood into alternate groups. 
This •will enable the underwood to thrive on the areas 
allotted to it, while the standards will produce straighten 
and cleaner boles than under the normal form. 

If the xmdenoood is favoured the system approaches 
that of Simple Coppice. The standards aro here so far 
apart that they will not, as a rule, produce good timber 
unless they are brought together into groups here and 
there. 

b. External Dangers. > 

These aro very small compared with those peculiar to 
most other systems. To begin with, the Gvcrwood is, 
at any rate in the normal form, capable of protecting 
the underwood against frost and drought. Under any 
circumstances such damage does not occur regularly and 
does not endanger the existence of the wood. 

Storms do remarkably little damage in such woods. 
The younger classes of standards are protected by the 
older classes, and by the time they replace the latter 
they have developed strong root systems, so that they 
can hold their own. 

Insects do not more damage than in the Shelter-wood 
Selection System, and less than in all other systems, 
which is due to the variety of stoeldng, absence of 
cleared spaces or loosened soil, and to the greater nuflSbejr 
of insect-eating birds which -arc found in such woods. 

t A 

c. Production of Wood. 

It is possible that slightly less wood reproduced than 
under the high forest systems, but at any the differ- 
ence is not likely to .be great. On the other; hand the - 
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system is specially adapted to tlio production of timber 
of all kinds and sizes. It affords opportunity for the 
individual development of the trees without endangering 
the factors of the locality. In one point, however, it 
is inferior to high forest, inasmuch as tho shape of the 
trees is not so good ; they are shorter and less clear of 
branches in tho lower part of the stem. 

d. Effect upon, the Factors off the Locality. 

If treated property, coppice with standards acts highly 
beneficially upon the factors of the locality ; the laying 
bare of the soil at the end of every rotation of the- 
underwood is only very partial and of short duration. 

7. Iliyh Fares t with Standards, 
a. Origin and Character. 

During tbc regeneration of a high forest, single trees 
or groups of trees aro left standing with tho intention 
that they shall continue to increase in size for a further 
series of years. After the completion of the regenera- 
tion, such woods consist of n new crop and a number of 
standards scattered over it, either in single trees or in 
groups, The .period, during which tho standards aro re- 
gained differs from a few years to a whole or even two 
1 or morn rotations, 

• t , 

, v k Exicrhal Dangers 

Are the siitfie as those of the original system, with 

this addition# that tho standards aro liable to* bo thrown 
* ^ * 

'by wind; • hence only wind-firm* species should bo 
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selected for standards, and the system should not he 
adopted at all in localities "which are specially exposed 
to storms. 


c. Production of Wood. 

Under this system timber is produced of such dimen- 
sions as cannot he grown under any ordinary high forest 
system, except under exceptionally high rotations. 


d. Effect upon the Factors of the Locality. 

Directly, the effect is the same as that of the principal 
system. Indirectly the system acts beneficially, as it 
obviates the adoption of very high rotations where 
specially large timber is required. 


8. Two-storied High Forest, 
a. Origin and Character. 

In the life of most woods, especially if they consist 
of light-demanding species, a time arrives when the 
cover becomes interrupted, so that they can no longer pre- 
serve the factors of the locality. In the case of species 
where this time arrives at a comparatively early age a 
second crop can be introduced, generally by sowing or 
planting, which is allowed to grow' "up into high forest 
with and between the older crop, so- that practically two 
distinct even-aged woods exist on the same area, both 
high forest, the difference in age ranging from 20 — 60 
years, according to species and circumstances ) hence the 
l name of two-storied high ‘forest. The two crops are 
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cut over at the same time, whon tho whole process is 
recommenced. 

It is usual to thin the older crop heavily, either 
before or after the introduction of the second crop, by 
removing all diseased and badly-shaped trees, leaving 
those which promise to dovolop into fine sound timber 
trees. 

Tho older crop should, in all cases, consist of light- 
demanding and tho younger crop of shade-bearing 
species, or else the latter is not likely to thrive. 

b. External Dangers. 

The older crop may he subject to damage by storms, 
but generally only for a short period. Damage by frost 
in the case of the younger wood is oxoluded. 

c. Production of Wood. 

Tho system is well adapted for tho production of 
large timber. During tbc first part of life the trees 
composing the upper storey grow up close together, 
developing height-growth and clean boles ; in after 
life they are placed comparatively free and can rapidly 
increase in diameter. 

Tho system yields also an early and substantial return 
in tho way of a heavy thinning of the older wood. 

t* 

r 

> 

t tl. Effect on" the ’Factors of thr Locality: ' 

* t * » A 

The" system’ preserves the factors of "the locality 
bettor than ordinary high forest, and deserves to"bo 
extensively -followed in all cases where it is desired 1 to 
produce largo’ timber of light-demanding species. 
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9 . High Forest toith Soil-protection Wood. 

Wlien (he leaf canopy in a high forest commences 
to become interrupted, an underwood is introduced for 
the protection of the soil. Such an underwood must be 
•dense and not too old, hence it must either be replanted 
from time to time, or, still better, coppiced periodically ; 
it must consist of species which can stand the shade of 
the overwood, the latter consisting of thin-crowned 
trees. 

The effect on the factors of the locality is highly 
beneficial. 

10 . Forestry combined with the Growing of Field Crops. 

The system of combining forestry with the cultiYation 
-of field crops is very old. Originally it consisted in cutting 
down a piece of forest, burning the wood, and using 
the land for one or more years for the production of 
field crops, and then allowing the forest to re-establish 
itself. When the value of forest produce increased 
soirje order was brought into the system in European 
countries; the timber, instead of being burnt, was 
utilized, only the twigs and other inferior pieces being 
burnt. The following are the two principal forms as now 
practised in Europe : — 

* i 

a. Coppice combined with the Cultivation of Field Grope. 

After each cutting over of the coppice < wood, '"the 
twigs and other valueless pieces of wood, together with 
turf, are burned. This process is effected either by. dis- 
trihuting the 'brushwood evenly over the 'area and 
letting tko fire run over' it, or -by mining it with turf, 
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piling it up in heaps and “burning after tho material lias 
become sufficiently dry. In cithor case the ashes are 
scattered, tho soil is worked, and then used for one or 
two seasons for the production of field crops, which grow 
between tho new coppice shoots. 

It is said that with proper care the yield of forests so 
treated is not smaller than that of ordinary coppice 
woods. Tho returns from the field crops do rarely more 
than cover tho outlay on account of labour, seed com, 
■etc. j hence the system is now restricted to hilly parts, 
whore a sufficient area of permanent fields is not avail- 
able, anil where additional occupation for the existing 
population is wanted, the forest lauds not being of 
sufficiently good quality to make their conversion into 
permanent fields desirable. 

The species of tree which is most commonly cultivated 
in this manner is the Oak, and next to it the Hornbeam, 
while Scotch Pine is frequently brought in after the 
cultivation of cereals has ceased to help in coveriug tho 
ground. 

The cereals usually grown are : — 

Buckwheat — Polygonum Fagopyrum and larfarl- 
cunif L., and 

.Ttye — Scealc cereal? hibermtm. 

' 1 Xho buckwheat is sown immediately after the clear* 
ing* and burning, say in Juno, and harvested C or 7 
S ww?ks afterwards. Tho rye is sown in autumn 'and 
‘reaped in the following summer, when tho cultivation of 
field' Vr6ps ceases. In some ernes tho buckwheat and 
rye arc sown togelher, the fanner beiug harvested in 
late summer t ef tho first* year, aud tho latter in, tho 
summer of the secffiul year. 
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Ik Iligh Forest combined with the Cultivation of Field Crops . 

After each, cutting over of a high forest, tho soil is 
used for one or more years for the growth of field crops. 
The young forest crop is established, either at once, or 
after the growth of cereals has ceased, by sowing or 
planting in lines, or by sowing broadcast with the last 
crop of cereals. In some cases the soil is burned over 
after the clearing of the forest crop, as described in 
the case of coppice. 

In addition to buckwheat and rye, frequently oats, 
potatoes, etc., are grown. 

c. Effect of the System on the Factors of the Locality. 

The two variations of the system are subject to the 
ordinary disadvantages of the clear cutting system, and 
in addition the cultivation of field crops may exhaust the 
soil. Hence, they are only permissible where they are 
an absolute necessity, or on soil which can bear the 
strain of clear cutting and of the growing of field crops 
without becoming exhausted. 

The system is still extensively practised in India 
under a variety of names, as jhooming, dhya, kumii, 
taungya cultivation, etc. There the whole of .the 
old crop of .wood is generally burned, so as to obtain as 
large a quantity of ashes as possible. Of late years the 
practice has been taken advantage of in Burma to. 
produce young! teak woods. f The clearings are riiade,, 
in comparatively" useless 1 forest, the cultivator^ -under- 
taking to sow or plant teak between his field crops; for 
winch he'is paid at bn agreedfrate at the end of fhq first, 
second, or thir^y&ar. 
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11. Forestry combined tvith the Rearing of Cattle. 

Pasture lands are -widely planted with forest trees, 
wliicli yield a certain return, and also improve tho value 
of the pasture by keeping out cold or dry grinds and hy 
affording shelter to tho cattle. Broad-leaved species 
may also be lopped for cattle foddor. 

Tho trees aro established by planting strong seedlings, 
which must be effectively protected against the cattle 
until tho crowns have grown beyond their reach. Tho 
trees should be placed in lines. 


12. Forestry combined with the Breeding of Beer and 

Game. 


A forest which is fonoed and stocked with dcor or 
game is called a preserve, or deer forest. Both deer nnd 
game interfere much as a rule with the production of 
trees, tho latter hoing frequently tho less important 
consideration. 

High forest is usually preferable to coppice, because 
regeneration recurs only after longer intervals; at the 
same time coppice woods suit most lands of game hotter 
'limn -high forest. Species which produce food for the 
dcor, as Oak, Chestnut, etc., should be represented in 


deer forests. ’ -« t 

*Vk * t i * >- 

/.fAotrng growth must .be 'carefully .fenced; planting 
fa pref^nbloto sowing, as tho object should be to reduce 
<fbe ro^Sneratiou period to’ a, Viburnum, 
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Section II. — Selection of System. 

It lias "been shown in the last section, that each 
sylvicultural system has its special advantages and dis- 
advantages, and that their effects differ principally in 
respect of the production of "wood, the power of resis- 
tance against external dangers, and the preservation of 
the factors of the locality. All these and many other 
matters must he considered in selecting the system which 
is best adapted to any special set of conditions. They 
may he brought under the following headings : — 

(I.) Suitability of the system to the selected species. 

(2.) The permanent preservation or even improvement 
of the factors of the locality. 

(3.) Protection against external dangers. 

(4.) Safety and simplicity of the method of regenera- 
tion. 

(5.) Quantify and quality of the produce. 

(6.) Intensity of management. 

(7.) Existence or absence of forest rights. 


1. Suitability of the System to the selected Species. 

This is a consideration of the first importance in all 
cases where it is desired to grow a particular species.' * 
In the first place, coniferous species cannot he treated as 
coppice woods ; while several broad-leaved species, such 
as Beech and Birch, possess only a moderate reproduc- 
tiveppiyer by-shoots. _ In all such cases only„the high 
..lowest iystom^ are Indicated : Beech and 'Birch should not 
vq^rown in pure coppich jwoods. Again, 
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liglit-dcmanding species with thin crowns are but badly 
suited for ordinary simplo high-forcst ; they should be 
raised us standards in coppice with standards, under 
the two-storied high forest, or with a coppice under- 
wood. Such species arc also difficult to raise under 
shelter-woods. On the other hand, tender shade-bearers 
lilco Beech and Silver Pir are better adapted to the 
shelter-wood systems than to the clear-cutting system. 
Lastly, whenever a system involves two crops of uneven 
age on the same area, the overwood must consist of a 
thin-crowned, that is to say, light-demanding species, 
and the underwood of a dcnsc-erowncd or shade-bearing 
species. 


2. Preservation of the Factors of the Locality. 

On general economic principles, forests should be 
worked and manuged for a sustained yield, and not for a 
temporary high return ; bonce it is necessary to select 
a system undor which the factors of the locality aro at 
least maintained, and if possible improved. 

In the case of exceptionally good localities with 
a rich fresh soil and a favourable state of moisturo 

* r 

and temperature of the air, any system can be adopted 
which answers to the other requirements of tho case, but 
‘bn oil localities of only middling quality, and still more 
so on “poor localities, iho first consideration must bc'tho 
preservation of the factors of the locality, or else a 
stcady^doteriomtioh will sot in, which may end in com- 
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of trees, in other words to regenerate raider shelter- 
woods, so as to lead the old crop gradually over into a 
now crop. Unless this precaution is taken, the degree 
of moisture in the soil undergoes violent changes, which 
act most injuriously on production. The system best 
adapted in such cases is the Shelter-wood Selection 
System, and next to it Coppice with Standards, the 
other shelter-wood systems which produce an uneven- 
aged young wood, and tho Shelter-wood Compartment 
System. 


3. Protection against External Dangers . 

It should be tho object of a good management to 
produce healthy woods which are capable of resisting suc- 
cessfully the dangers to which they are exposed during 
life. Though species and method of regeneration are of 
principal importance in this respect, the system is also 
of some account. 

Where the object is to counteract the eroding effects 
of water running down sloping ground, to prevent the 
occurrence of landslipsj avalanches, or devastation through 
moling sand, woods of uneven age must, bo tho rule, 
such as aro produced under the 'Shelter- wood Selection 
System, the Group System, etc. '***,, 

Whether uneven-aged woods suffer less from windrow *_ 
and ice than even-aged woods is as yot an open question. 

In respect of frost, drought and insects, the dear- 
cutting System yields' the worst results, the ’ Shelter- 
wood Compartment System comos next, and''' then- the 
systems wMcif.producc unoven-aged wOod&^o Shelter- 
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novel* suffer from storms, snow, etc., vvliilo otliers do so 
every year. Sueli peculiarities must bo taken into account 
in selecting tlio system. 

4. Safety and Simplicity of the Method of Regeneration. 

"Whether the oue or other method of regeneration is 
tho more suitable depends on loeal conditions. In soma 
eases artificial, in otliers natural regeneration by seed or 
by coppice is indicated. More especially the importance 
of shelter-woods in the ease of middling and inferior 
localities must never he overlooked, as well as in Ike 
caso of those which aro subject to external dangers. 
Again, in some cases natural regeneration Ls easy, in 
others difficult or almont impossible, and a selection 
must be made accordingly. Another point is, that trees 
standing in an uneven-aged wood produce, as a rule, 
more seed tlian those in an even-aged wood. Finally, 
the system which acts most favourably in respect of the 
factors of the locality will also, as a i tde, produce the 
most favourable germinating bed for the falling seed. 

' G. 'Quantity and Quality of Produce. 

" t * 

/Woods yield timber, firewood, and a variety of minor 
produce. As regards wood, a distinction must be made 
between, timber and firewood. Where only the latfer is 
wrtttfeii/.llmf system is preferable which yields tho largest 
'Volume Or greatest weight of produce within a certain 
(-pace of^imo. Where the objects of .management 
centre itnfhe production of timber, otb«r,yio«si(le^tirm^ 
prevail . $uoh production, _ if*. th& titfibcr'isvhs^c ^ jahf 
size/ takes' bJH^^viotlff’U/ttlmo, »u(0t;^c^aid^#Piibn- 
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tinuous energetic action of tie locality. More especially 
a continuously even degree of moisture in the soil has to 
bo aimed at. Next, the proper amount of light must be 
given to each individual tree, in other •words a sufficiently 
large and well-developed crown. These considerations 
lead to the following conclusions : — 

(a.) On fertile soil, with a sufficient degree of mois- 
ture, in the case of shade-hearing species, and 
under moderately high rotations, the even-aged 
systems yield satisfactory results, and their selec- 
tion is justified. 

(i.) On less fertile soils, which necessitate a careful 
husbanding of the factors of production, in the 
case of some of the species being light-demanding, 
or under a high rotation, the systems of uneven- 
aged woods are desirable. 

The former produce principally long and clean timber, 
the latter greater girth. 

In many cases the objects of management favour the 
production of min or produce, aud the system must he 
selected accordingly. "Where tanning bark ,o£ Oak is 
wanted, the system of coppice is in its place. Osier 
beds require to he planted in cleared land, ‘The growth 
of field crops also is ( only practicable under the system of 
clear-cutting ; at the outside, only a few standards may 
he left on the ground. Where grass and grazing is 
wanted the woods should be oven-aged, or else the cattle 
will damage the young trees, etc. 

8. Intensity bf'Mawtyement. 

The 'nibre -valuable the 'returifs for&st are, the - 
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moro intense, or careful and detailed, should bo Ibo 
system of management, and vice versti. 

The capital invested in a forest differs considerably 
under different systems, it being composed of the value of 
the land plus the vnluo of the growing stock, apart from 
buildings, etc., which would be required under any 
system. Hence, high forest requires a much larger 
capital than coppico, and often yields a smaller interest 
on the invested capital than the latter. 

Artificial regeneration requires a periodical outlay of 
cash for sowing and planting, while natural regeneration 
can bo effected without such outlay, though it may 
involve a considerable loss of lime. 

The transport of the material is considerably cheaper 
(up to 20 per cent.) in oven-aged woods than in unovon- 
aged woods, becanso in tbo former ease the operations 
aro more concentrated. The same holds good as regards 
supervision. 

The olcar-cutling systems require a greater total of 
labour, while the shelter- wood systems require hotter 
skilled labour. 

The unoven-aged systems mako much grantor demands 
than the even-aged on the intelligence and industry of 
tho manager,' because they require higher skill and moro 
constant supervision. Jri the former case the executive 
charges must bo smaller than in the latter. 

j ’ ■* 

^ 7 . Exist nice or Ahmcc of flights. 

* 4 ^ « 

JiMnrmy cases the existence of rights neeqssitafoa the 
selection' qf a particular system, J*oi‘ ’irisfcan^fC wb*Sro- 
largo timber iWj “to bo t provided right-lifilflei^'.'the ' 
CoppiV fnudmispibleV 
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8. Summary. 

Every sylvicultural system has its advantages and 
disadvantages, and it is necessary to ascertain in every 
special case -whether the balance of the two tends to- 
wards the one or other system. From a sylvicultural 
point of view, the first point for consideration is the 
general suitability of the system, and next the continued 
preservation and, if possible, improvement of the factors 
of tho locality; financial considerations should only 
prevail in so far as they do not interfere with the two 
former considerations. 


END OF VOLUME 




